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wherein M is a transition metal of Group IVa, Group Va and Group Via of the periodic table ; 

R 1 and R 2 , which may all be identical or different from each other, are each a hydrogen atom, a 
halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 
20 carbon atoms, a silicon-containing group, an oxygen-containing group, a sulfur-containing group, a 
nitrogen-containing group or a phosphorus-containing group ; 

R 3 is an alkyl group of 2 to 20 carbon atoms ; 

R 4 is an alkyl group of 1 to 20 carbon atoms ; 

X 1 and X 2 . which may be identical or different, are each a hydrogen atom, a halogen atom, a 
hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, 
an oxygen-containing group or a sulfur-containing group ; and 

Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon 
group of 1 to 20 carbon atoms, a divalent silicon-containing group, a divalent germanunvcontaining 
group, a divalent tin-containing group, -0-, -CO-, -S-, -SO-. -SO r . -NR 5 -. -P(R 5 )-. -P(0)(R 6 )-, -BR 6 - or 
-A1R 5 -, wherein R $ Is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms or 
a halogenated hydrocarbon group of 1 to 20 carbon atoms. 
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FIELD OF THE INVENTION 

The present invention relates to a novel transition metal compound, an olefin polymerization catalyst com- 
ponent comprising the transition metal compound, an olefin polymerization catalyst containing the catalyst 
component and a process for olefin polymerization using the olefin polymerization catalyst The invention also 
relates to a propylene polymer, a propylene copolymer and a propylene elastomer, all having a high triad tac- 
ticity of the propylene unit chain. 

BACKGROUND OF THE INVENTION 

A well known homogeneous catalyst is. for example, so-called Kaminsky catalyst Use of this Kaminsky 
catalyst produces a polymer having an extremely high polymerization activity and a narrow molecular weight 
distribution. 

Of the Kaminsky catalysts, ethyfenebis(indenyl)zirconium dichloride and ethy1enebis(4,5,6,7-tetrahydroin- 
denyl)zirconium dichloride are known as transition metal compounds for preparing isotactic polyolefins, as de- 
scribed in Japanese Patent Laid-Open Publication No. 130314/1986. However, polyolefins prepared by the use 
of these catalysts generally have a low stereoregularit y and a low molecular weight As a process for preparing 
polyolefins of high sterecregularfty and high molecular weight using these catalyst, there is a process in which 
the polymerization is conducted at a low temperature, but this process has a problem of low polymerization 
activity. 

It is known that use of hafnium compounds in place of the zirconium compounds makes it possible to pre- 
pare a polymer having high molecular weight, as described In "Journal of Molecular Catalysis", 56 (1989), pp. 
237-247, but this process also has a problem of low polymerization activity. Further, dimethylsilyl bissubsti- 
tuted cyclopentadienyl zirconium dichloride is also known as described in Japanese Patent Laid-Open Public- 
ation No. 301704/1989 and "Polymer Preprints". Japan, vol. 39, No. 6, pp. 1,614-1,616 (1990), but this com- 
pound is not satisfactory in all of polymerization activity, and stereoregularity and molecular weight of polymers 
obtained. 

In order to solve these problems, various proposals have been made. For example, Japanese Patent Laid- 
Open Publication 268307/1993 describes an olefin polymerization catalyst formed from a metallocene com- 
pound represented by the following formula and aluminoxane as a catalyst capable of preparing a high molec- 
ular polyolef in, but the molecular weight of the resultant polyolef in is still insufficient 
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Further, EP 0 530 648 A1 describes an olefin polymerization catalyst formed from a metallocene compound 
represented by the following formula and aluminoxane. 
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wherein A is a tower alky! group. 

The molecular weight of the polyolef in obtained by the use of this catalyst Is high and industrially satis- 
factory. In addition, since the melting point of the polyolef in (e.g., polypropylene) having high stereoregularity 
becomes high, the catalyst is suitably used for preparing a stereoregular polyolef in having a high melting point. 
However, it is unsuitable for preparing a stereoregular polyolef in (particularly a copolymer) having a high mo- 
lecular weight and a low melting point, and the resultant polyolef in or copolymer is not satisfactory in its quality. 

Furthermore, EP 0 537 686 describes an olefin polymerization catalyst formed from a metallocene com- 
pound represented by the following formula and aJuminoxane. 




wherein R' and R* are each a methyl group or hydrogen, X is Si(CHj) 2 group or an ethylene group. 

However, a polyolefin obtained by the use of this catalyst is low in the molecular weight and cannot be 
practically used. 

Under such circumstances as mentioned above, an olefin polymerization cataiyst and a process for olefin 
polymerization, both having high olefin polymerization activity and being capable of preparing a polyolefin of 
excellent properties, are desired. Further, also desired are an olefin polymerization catalyst component used 
for such catalyst and a novel transition metal compound capable of forming the olefin polymerization catalyst 
component In the light of the existing circumstances, the present Inventors have earnestly studied, and as a 
result, they have found mat the above requirements are satisfied by a transition metal compound which has 
two indenyl groups having a specific substituent group, said two indenyl groups being linked by way of a hy- 
drocarbon group, a silicon-containing group or the like. 

Propylene polymers have been applied to various uses because of their excellent mechanical properties 
and optical properties. For example, a propylene homopdymer is excellent in rigidity, surface hardness, heat 
resistance, glossiness and transparency, and hence it is used for various industrial parts, containers, films 
and nonwoven fabrics. A propylene/ethylene random copolymer containing a small amount of ethylene units 
is excellent in transparency, ridigity, surface hardness, heat resistance, heat-sealing properties, and hence it 
is used for films, containers, etc. A propylene elastomer is excellent in impact absorbing properties, heat re- 
sistance and heat-sealing properties, and hence it is singly used for films or used as a modifier of a thermo- 
plastic resin. 

However, the conventional propylene polymer ts not always sufficient In transparency, impact resistance, 
etc. for some uses, and therefore the advent of a propylene polymer excellent In rigidity, heat resistance, sur- 
face hardness, glossiness, transparency and Impact strength is desired. The conventional propylene/ethylene 
random copolymer is not always sufficient in transparency, heat-sealing properties, anti-blocking properties, 
bleed resistance, impact strength, etc. forsome uses, and therefore the advent of a propylene/ethylene random 
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copolymer excellent in transparency, rigidity, surface harness, heat resistance and heat-sealing properties is 
desired. The conventional propylene elastomer is not always sufficient in heat-sealing properties, anti-blocking 
properties and heat resistance when used singly, and is not always sufficient in effect of improving impact re- 
sistance when used as a modifier. Therefore, a propylene elastomer excellent in impact resistance, heat re- 
sistance, transparency, heat-sealing properties, anti-blocking properties and effect of improving impact resis- 
tance is desired. 

In the light of such circumstances as described above, the present inventors have further studied, and as 
a result, they have found that a propylene homopolymer having a high triad tacticity, as measured by »*C-NMR, 
of the propylene chain consisting of head-to-tail bonds, a specific proportion of inversely inserted propylene 
units and a specific intrinsic viscosity is excellent in the above-mentioned properties. Further, they have also 
found that a propylene copolymer which contains a small amount of ethylene units and has a high triad tacticity, 
as measured by 1J C-NMR, of the propylene chain consisting of head-to-tail bonds, a specific proportion of in- 
versely inserted propylene units and a specific intrinsic viscosity is excellent in the above-mentioned proper- 
ties. Furthermore, they have found that a propylene elastomer which contains a specific amount of ethylene 
units and has a high triad tacticity, as measured by 13 C-NMR, of the propylene chain consisting of head-to- 
tail bonds, a specific proportion of inversely inserted propylene units and a specific intrinsic viscosity is ex- 
cellent in the above-mentioned properties. 

Moreover, the present inventors have found that the propylene polymer, the propylene copolymer and the 
propylene elastomer can be prepared by the use of an olefin polymerization catalyst containing the aforesaid 
specific transition metal compound as a catalyst component 

OBJECT OF THE INVENTION 

It is an object of the present invention to provide a novel transition metal compound useful for an olefin 
polymerization catalyst component having a high olefin polymerization activity and to provide an olefin poly- 
merization catalyst component comprising said transition metal compound. 

It is another object of the invention to provide an olefin polymerization catalyst containing the above olefin 
polymerization catalyst component and to provide a process for olefin polymerization using said olefin poly- 
merization catalyst. 

It is a further object of the invention to provide a propylene polymer having excellent properties. 
SUMMARY OF THE INVENTION 

The novel transition metal compound according to the invention is a transition metal compound represent- 
ed by the following formula (I): 



X 1 X 2 
M 




wherein M is a transition metal of Group IVa, Group Va and Group Via of the periodic table; 

R 1 and R* are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a 
halogenated hydrocarbon group of 1 to 20 carbon atoms, a silicon-containing group, an oxygen-containing 
group, a sulfur-containing group, a nitrogen-containing group or a phosphorus-containing group; 

R s is an alkyi group of 2 to 20 carbon atoms; 

R* is an alkyl group of 1 to 20 carbon atoms; 

X' and X* are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a 
halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group or a sulfur-containing 
group; and 
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Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group 
of 1 to 20 carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, a divalent 
tin-containing group, -O-, -CO. -S-, -SO-. -SO r . -NR 5 -, -P(R«)-. -P(0)(R«)-. -BR 6 - or -A1R*- (R s is a hydrogen 
atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms or a halogenated hydrocarbon group of 
1 to 20 carbon atoms). 

The olefin polymerization catalyst component according to the invention comprises a transition metal com- 
pound represented by the above formula (I). 

The first olefin polymerization catalyst according to the invention comprises: 

(A) a transition metal compound represented by the above formula (I); and 

(B) at least one compound selected from a group consisting of 
(B-1) an organoaluminum oxy-compound, and 

(B-2) an compound which reacts with the transition metal compound to form an ion pair. 
The second olefin polymerization catalyst according to the invention comprises: 

(A) a transition metal compound represented by the above formula (I); 

(B) at least one compound selected from a group consisting of 
(B-1) an organoaluminum oxy-compound, and 

(B-2) an compound which reacts with the transition metal compound to form an ion pair; and 

(C) an organoaluminum compound. 

The third olefin polymerization catalyst according to the invention comprises: 
a fine particle carrier; 

(A) a transition metal compound represented by the above formula (I); and 

(B) at least one compound selected from a group consisting of 
(B-1) an organoaluminum oxy-compound, and 

(B-2) an compound which reacts with the transition metal compound to form an ion pair; 

said transition metal compound (A) and said at least one compound (B) being supported on the 
fine particle carrier. 
The fourth olefin polymerization catalyst according to the invention comprises: 
a solid catalyst component comprising: 
a fine particle carrier, 

(A) a transition metal compound represented by the above formula (I), and 

(B) at least one compound selected from a group consisting of 
(B-1) an organoaluminum oxy-compound, and 

(B-2) an compound which reacts with the transition metal compound to form an ion pair, 

said transition metal compound (A) and said at least one compound (B) being supported on the 
fine particle carrier, and 

(C) an organoaluminum compound. 

The fifth olefin polymerization catalyst according to the invention comprises: 
a fine particle carrier 

(A) a transition metal compound represented by the above formula (I); 

(B) at least one compound selected from a group consisting of 
(B-1) an organoaluminum oxy-compound. and 

(B-2) an compound which reacts with the transition metal compound to form an ion pain and 
a prepolymerized olefin polymer produced by prepolymerization. 
The sixth olefin polymerization catalyst according to the invention comprises: 
a fine partide carrier; 

(A) a transition metaJ compound represented by the above formula (I); 

(B) at least one compound selected from a group consisting of 
(B-1) an organoaluminum oxy-compound, and 

(B-2) an compound which reacts with the transition metal compound to form an ion pain 

(C) an organoaluminum compound; and 

a prepolymerized olefin polymer produced by prepolymerization. 

The process for olefin polymerization according to the invention comprises polymerizing or copolymerizing 
an olefin in the presence of any of the first to sixth olefin polymerization catalysts. 

The olefin polymerization catalysts according to the invention have high polymerization activity and an ole- 
fin polymer obtained by using the catalytsts has a narrow molecular weight distribution and a narrow compo- 
sition distribution. When they are used for polymerizing an a-olef In of 3 or more carbon atoms, obtainable Is 
a polymer having a lower melting point as compared with a polymer obtained by using a conventional meta*- 
locene catalyst when these polymers have similar molecular weights. Further, in the preparation of a copolymer 
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elastomer containing ethylene or propylene as its major component a polymer of high molecular weight can 

b ° Wenluch catalysts an, used, a copolymer having a low melting point can be obtained even though an 
amount of comonomer units is small. 

The oroovlene polymer according to the invention has such properties that 

£ • ZS SiSyS three pmpylene units-chain consoling of head-to-tai. bonds, as measured by «C 

^'proS^Te^ inserted propylene units based entire 2.1-insertion of a propylene ^ 
L r i a. Wene insertions"! as measured by ,J C-NMR. is not .ess than 0.7 %j*dthe pmport on of 
me inversely inserted propylene units based on the 1.3-insertion of a propylene monomer, as measured 

£, propy ,ene polymer is excellent in rigidity, heat resistance, surface hardness, glosainess. transpar- 
ency and impact resistance. 

The propylene copolymer according to the invention has such propert.es that 

SsaWcopo^ 
rata?tac^ 

n all propylene insertions, as measured by "C-NMR, is not less than 0.5 %, and a ^2 ° £mR 
inserted propylene units based on the 1.3-insertion of a propylene monomer, as measured by X>NMR. 

HtS?M H measured in decahydronaphthalene at 135 -C. i, in the range of 0.1 to 12 

Sh propylene copolymer is excellent in transparency, rigidity, surface hardness, heat resistance, heat- 
sealing properties, bleed resistance and impact resistance. 

Ths nmovlene elestomer according to the invention has such properties mac 

5 S^SS!SL propylene units in an amount of 50 to 95 % by mo. and ethylene un.ts in an 

SSS l£5?J£*«~ units-chain consisting of head-tc-ta» bonds, as measured by «C 

r^ro^ 

nail propylene insertions, as measuredby "C-NMR. is notlessthan 0.5 %. and ^ s ^" 0, ,^ S M e R y 
inserted propylene units based on the 1.3-insertion of a propylene monomer, as measured by >CNMR. 

S^eT ri ;^S a 2 measured in decahydronaphthalene at 135 «C. is in the range of 0.1 to 12 

Sen propylene elastomer is excellent in heet resistance, impact absorbing properties, transparency, heat- 
sealing properties and anti-blocking properties. 

BRIEF DESCRIPTION OF THE DRAWING 

Fig 1 is a view Illustrating steps of a process for preparing the first and the second olefin polymerization 

M T 2 ^ie^ 

catalysts according to the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The novel transition metal compound, the olefin polymerization catalyst component f^^^Z 
aitionmeta. compound, the olefin polymerize catatyst^^^ 
nentt^ 

Xylene copolymer and the propylene elastomer, according to the invention, w.11 be desenbed in detail here- 
inafter. 
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Fig. 1 is a view illustrating steps of a process for preparing the first and the second olefin polymerization 
catalysts according to the invention. Fig. 2 is a view illustrating steps of a process for preparing the third and 
the fourth olefin polymerization catalysts according to the invention. Fig. 3 is a view illustrating steps of a proc- 
ess for preparing the fifth and the sixth olefin polymerization catalysts according to the invention. 

First, the novel transition metal compound according to the invention is described. 

The novel transition metal compound of the invention is a transition metal compound represented by the 
following formula (I). 




In the formula (I). Mis a transition metal of Group IVa, Group Va and Group Via of the periodic table. Ex- 
amples of the transition metals include titanium, zirconium, hafnium, vanadium, niobium, tantalum, chromium, 
molybdenum and tungsten. Of these, titanium, zirconium and hafnium are preferred, and zirconium is partic- 
ularly preferred. 

Ri and R2 are each independently a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon 
atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, a silicon-containing group, an oxygen-con- 
taining group, a sulfur-containing group, a nitrogen-containing group or a phosphorus-containing group. 

Examples of the halogen atoms include fluorine, chlorine, bromine and iodine. 

Examples of the hydrocarbon groups of 1 to 20 carbon atoms include an alkyl group such as methyl, ethyl, 
propyl, butyl, hexyl, cyclohexyl. octyl, nonyl. dodecyl, icosyt, norbornyl and adamantyl; an alkenyt group such 
as vinyl, propenyl and cyclohexenyl; arylalkyl group such as benzyl, phenylethyl and phenytpropyl; and an aryl 
group such as phenyl, tolyl, dimethyl phenyl, trimethytphenyl, ethylphenyl, propylphenyl, blphenyl, naphthyl. 
methyl naphthyl, anthracenyl and phenanthryi. 

Examples of the halogenated hydrocarbon groups include halogenated hydrocarbon groups of the above- 
mentioned hydrocarbon groups. 

Examples of the silicon-containing groups include monohydrocarbon-substituted silyl such as methylsilyl 
and phenylsilyl; dihydrocarborvsubstituted silyl such as dimethylsilyl and diphenylsilyt; trihydrocarbort-substi- 
tuted silyl such as trimethytsilyi, triethylsilyi, tripropylsilyl, tricyclohexylsilyl, triphenylsilyl, dimethylphenylsilyl, 
methyldiphenylsilyl, tritolylsilyt and trinaphthylsilyl; silyl ether of hydrocarbon-substituted silyl such as trime- 
thylsilyl ether silicon-substituted alkyl group such as trimethytsllytmethyl; and silicon-substituted aryl group 
such as trimethylphenyl. 

Examples of the oxygen-containing groups include a hydroxy group; an alkoxy group such as methoxy. 
ethoxy. propoxy and butoxy, an allyloxy group such as phenoxy, methyl phenoxy, dimethylphenoxy and naph- 
thoxy; and an arylalkoxy group such as phenytmethoxy and phenylethoxy. 

Examples of the sulfur-containing groups include groups obtained by substituting sulfur for oxygen in the 
above-mentioned oxygen-containing groups. 

Examples of the nitrogen-containing groups include an amino group; an alkyiamino group such as methy- 
lamino, dimethylamino. diethylamino, dipropylamino, dibutylamino and dicydohexyiamino; an arylamino group 
such as phenylamino, diphenyiamino, ditolylamino, dinaphthylamino and methylphenylamino; and an alkylar- 
ylamino group. 

Examples of the phosphorus-containing groups include a phosphino group such as dimethylphosphino and 
diphenylphosphino. 

Of these, R 1 is preferably a hydrocarbon group, particularly a hydrocarbon group of 1 to 3 carbon atoms 
such as methyl, ethyl and propyl. R 2 is preferably a hydrogen atom or a hydrocarbon group, particularly a hy- 
drogen atom or a hydrocarbon group of 1 to 3 carbon atoms such as methyl, ethyl and propyl. 

R 3 is an alkyl group of 2 to 20 carbon atoms, and R 4 is an alkyl group of 1 to 20 carbon atoms. R J is preferably 
a secondary or tertiary alkyl group. The alkyl group indicated by R 3 or R 4 may be substituted with a halogen 

B 
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atom or a silicon-containing group. Examples of the halogen atoms and examples or the silicon-containing 
groups are those exemplified above with respect to R 1 and R 2 . 

Examples of the aJkyt groups indicated by R 3 include: 
a chain alkyl group and a cyclic aJkyl group, such as ethyl, n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl, 
tert-butyl. pentyl. hexyl. cyclohexyl, heptyl, octyl, nonyl. dodecyl, icosyl. norbornyl and adamantyl; and 
an arylaJkyl group, such as benzyl, phenylethyl. phenylpropyl and tolylmethyl. 

These groups may be substituted with groups containing a double bond or a triple bond. 

Examples of the alkyl groups indicated by R 4 include methyl, and the chain alkyl groups, the cyclic alkyl 
groups and the arylalkyl groups exemplified above with respect to R 3 

X' and X 2 are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a 
halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group or a sulfur-containing 
group. Examples of those atoms and groups include the halogen atoms, the hydrocarbon groups of 1 to 20 
carbon atoms, the halogenated hydrocarbon groups of 1 to 20 carbon atoms and the oxygen-containing groups 
exemplified above with respect to R 1 and R 2 . 

As the sulfur-containing group, there can be mentioned a sulfonato group such as methylsulfonato. tri- 
fluoromethanesulfonato, phenylsulfonato, benzylsulfonato. p-toluenesulfonato, trimethylbenzenesulfonato, 
triisobutylbenzenesulfonato, p-chlorobenzenesulfonato and pentafluorobenzenesulfonato; and a sulfinato 
group such as methylsulf inato, phenylsulfinato, benzenesuif Inato, p-toluenesulf inato. trtmethylbenzenesulfi- 
nato and pentafluorobenzenesulfinato. 

Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 
1 to 20 carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, a divalent 
tin-containing group, -O-, -CO-. -S-. -SO-, -SO r , -NR 5 -, -P(R*)-, -P(0)(R 5 h -BR 5 - or -A1R*- (R 5 is a hydrogen 
atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms or a halogenated hydrocarbon group of 
1 to 20 carbon atoms). 

Examples of the divalent hydrocarbon groups of 1 to 20 carbon atoms include an alkylene group such as 
methylene, dimethylmethylene, 1 ,2-ethylene, dimethyl-1 ,2-ethylene, 1,3-trimethylene, 1 ,4-tetramethylene, 
1,2-cyciohexylene and 1 ,4-cydohexyiene; and an arytalkylene group such as diphenytmethylene and diphenyl- 
1,2-ethylene. 

Examples of the halogenated hydrocarbon groups include groups obtained by haiogenating the above- 
mentioned hydrocarbon groups of 1 to 20 carbon atoms, such as chloromethylene. 

Examples of the silicon-containing groups include an alkylsilylene group, an alkylarylsilylene group and 
an arylsilytene group, such as methylsilylene. dimethylsilylene, diethytsilylene, di(n-propyl)silylene, di(i-pro- 
pyf)silylene. di(cyclohexyl)silylene t methyiphenylsilylene, diphenylsilylene, di(p-tolyl)silylene and di(p-chloro- 
pheny!)silylene; and an alkytdisilyl group, an alkylaryldisilyl group and an arylsilyl group, such as tetramethyl- 
1,2-disilyJ and tetraphenyM,2-disily1. 

Examples of the divalent germanium-containing groups include groups obtained by substituting germani- 
um for silicon in the above-mentioned divalent silicon-containing groups. 

Examples of the divalent tin-containing groups include groups obtained by substituting tin for silicon in the 
above-mentioned divalent silicon-containing groups. 

Examples of the atoms and the groups indicated by R 5 include the hydrogen atoms, the halogen atoms, 
the hydrocarbon groups of 1 to 20 carbon atoms and the halogenated hydrocarbon groups of 1 to 20 carbon 
atoms exemplified above with respect to R 1 and R 2 . 

Of these, preferred are a divalent silicon-containing group, a divalent germanium-containing group and a 
divalent tin-containing group. More preferred is a silicon-containing group. Of the silicon-containing groups, 
aikylsilyiene, alkylarylsilylene and arylsilylene are particularly preferred. 

Listed below are examples of the transition metal compounds represented by the above formula (I). 
rac-Dimethylslry1-bis{1-(2,7-dimethy1-4-ethylindenyl))zlrcontum dichioride. 
rac-Oimethylsllyl-bis{1-(2.7-dimethy1-4-n-propylindenyl))zlrconium dichioride, 
rac-Oimethylsiry1-bis{H2.7-dimemyl-4-i-propylindenyl)}zirconium dichioride. 
rac-0imethyl8ilyl-bi3{1-(2,7-dimemyt-4-n-butylindenyl)}zirconium dichioride. 
rac-Dimemylsilyl-bis{1-(2.7-dimemyt-4-se(>butylinden^)}zht»nium dichioride, 
rac-Oimethylsilyl-bis{1-<2,7-dimethyl-4-t-butylindenyl)}zirconium dichioride, 
rac-Dimethyisityl-bis{1 -<2,7-dimethyl-4-n-pentyl!ndenyl)}zirconium dichioride. 
rac-Oimewylsify*-bw{1-<2,7-dimemyM^^ 

rac-Oimethytsilyt-bis{1 -<2,7-dimethyl-4-cyclohexylindenyl))zirconium dichioride, 
rec-Dimethyl3i1yt-bis{1-<2 t 7-dimem 

rac-Dimethylsilyt-bis{1 -{2.7-dimethyl^-phenylethylindenyl)}zirconium dichioride, 
rai>Dimethylslly^te{H2^ dichioride. 
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rac-Dimethylsilyl-bis{1 -<2,7*dimethyl-4-chloroniethylindenyl))2irconium dichloride, 
rac-Dimethy1silyl-bis{1-<2,7-dimem^ dichloride, 
rac-Dimethylsilyl-bis{1-<2,7-dimethyW^^ dichloride, 
rac-Oiethy)silyl-bis{1-(2,7-difTOthy^Hpfopylindenyf))2irconium dichloride, 
rac-Oi(i-propyl)silyt-bi${1 -<2.7-dimethy*-4-i-propylindenyi))2irconium dichloride, 
rac-Oi(n-butyl)silyl-bis{H2,7-dimelhyl-4-hpropyiindeny1)}2irconium dichloride, 
rac-Di(cydohexyf)silyl-bis{1-(^7.dimethyl^hpropylindeny1)}2irconiurn dichloride, 
rac-Methylphenylsilyl-bis{1 -(2.7-dimethyl-4-i-pfopy lindenyl))zirconium dichloride, 
ra<>Methylpheny1silyt.bis{1-(2,7^irnethyl-4-t-butytindenyl)}zlrconium dichloride. 
rac-Diphenylsilyt-bis{1.(2J^imethyl-^t-bulylindenyl)}zirconium dichloride, 
ra<>Dipheny1silyl-bis{1-(2,7-dimethyf-^^ 

rac-Diphenyl3ilyl-bis(1-(2,7-dimethy1*4-ethylindenyt)}2irconium dichloride, 
rac-Di(p-tdyl)silyl-bis{1-(2,7^imethyl^Hpropylindenyl)}zirconium dichloride, 
rac-Di(p<hlorophenyl)sily1-bis{^^ 

rac-Dimethylsily1-bis{1-(2-methy^ dibromide. 
rac-Dimethylsily1-bis{1-<2,3,7-trimBth^ 

rac-Dlmethylsilyt-bis{1 -<2,3,7-trimethyl^n-propy»ndenyl)}zirconium dichloride, 
rac-Dimethylsily|.bis{1-(2.3.7-trimethyl^-i-propylindenyl)}zirconium dichloride, 
rac-Dimethylsily^bls{H2,3 f 7-trimethyl^n-butylindenyl))zirconhim dichloride. 
rac-Dimethylsilyl-bis{H2.3,7-trimethyi^sec-butylindenyl))zirconium dichloride, 
rac-DImethylsilyl-bis<1-(2.^ 

rac-Dimethytsilyl-bis{H2.3,7-trimethyl^n-pentylindenyl)}zirconium dichloride, 
rac-Dimethylsilyl-bis{1^2,3,7-trimemyl^ 

rac-Dimethylsily»-bis{1-(2,3,7-trimeth^^dohexylindenyl)}zirconium dichloride. 
rac-Dlmethylsily^bi3{H2.3.7-tri^ dichloride. 
rac-Dimethylsilyl-bis{1^2,3,7-trimeth^ dichloride. 
rac-Dimethylsilyl-bis{1-(2.3,7-trimBth^ dichloride. 
rac-Dimethyl3ilyl-bis{H2,3,7-trimethyl^phenylemylindenyl)}zir<»nium dichloride. 
rac-Dimethyl3ilyl-bis{H2,3,74rimethyl^ 
rac-Dlmethylsilyl-bis{1-(2,3,7-trime^^ 

rac-Oiethylsilyl-bls{1-(2.3.7-trimethyl-4-|.propylindenyl))zirconium dichloride, 
rac-Di(i-propyl)silyl-bis{1-(2,3,7.trimethy1^-i-propylindeny1)}zirconlum dichloride. 
rac-Di(n-butyl)silyl-bis{H2,3.7-trimemyt^l-propylindenyl))zirc<)nium dichloride, 
rac-Di(cydohexyl)silyl-bis{1^ 

ra<>Methylphenylsilyl-bis{H2,3,7-trifnethyl-4-i-propylindenyl))zirconium dichloride, 
rac-Methylphenylsilyl-bis{H2,3,7-trimethyl^t-butylindenyl))zirconium dichloride, 
rac-Oiphenylsilyl-bis{1-(2,3.7-trimethy«-4-t-bulyiindenyl)}zirconium dichloride, 
rac-Oiphenylsilyi-bi3{1-(2,3,7.trimethy1^Hpropyiindenyl))zirconium dichloride, 
ra(>Oiphenyl3ilyl-bi8{1-(2.3,7.trimeth^ethylindenyl)}zirconiurn dichloride, 
rac-Di(p-tolyl)3ilyt-bis{1-(2,3^ 

rac-0i(pH5hloropheny1)silyl-bis{1^^ dichloride, 

rac>0imethylsily»-bls{H2-methyl^l-prepyl-7wi>ethylindenyl)}zirconium dimethyl, 

rai>DimethylsHyl-bis{1-(2-meth^ methylchloride. 

rac-Dlmethylsily^bis{H2-methyl^ 

rac-Dimethylsilyl-bls{H2-methyl^pro^ 

rac-Dimethytsilyl-bls{H2-methyl-^^ 

rac-DImethytsilyl-bls{1^2-ethyl-4-i-propyl-7-fnethylindenyl)}zirconium dichloride, 
rac-Dimethytsih4-bis{H2-phenyl-4.|-pfopyl-7-methylindeny1)}zirconlum dichloride, 
rac-Dimethylsilyl-bis{H2-methyl^hpropy^7^ethylindenyl)}titanium dichloride, and 
rac-Dimethyisilyl-bis{H2-methyl^l-propyl-7-inethylindenyl))hafnium dichloride. 
Of these, compounds having a branched aJtyl group (e.g., i-propy!. sec-butyl and tert-butyl) at the fourth 
position are particularly preferred. 

in the present invention, also employable are transition metal compounds wherein the zirconium metal is 
substituted for titanium, hafnium, vanadium, niobium, tantalum, chromium, molybdenum or tungsten in the 
above-listed compounds. 

The indene derivative ligand of the novel transition metal compound according to the invention can be syn- 
thesized by an organic synthesis method conventionally used through the following reaction route. 
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R 



+ R 2 CH = CR l -CX 



or 



O 0 



R 2 CH = CR'COCCR 1 = CHR 2 



or 



XR 2 CH-CHiR'.CX 



R 3 R 2 



4 OH 



R 4 



R 3 R 2 



n-butyllithium 



R 3 R 2 



X" - Y - X" 




(wherein each of X. X' and X" is a halogen atom.) 
The transition metal compound of the invention can be synthesized from the indene derivative by conven- 
tionally known methods, for example, a method described in Japanese Patent Laid-Open Publication No 
268307/1993. 

The novel transition metal compound according to the invention can be used as an olefin polymerization 
catalyst component in combination with an organoaluminum oxy-compound, etc. 

The transition metal compound is used as an olefin polymerization catalyst component in the form of usu- 
ally a racemic modification, but the R configuration or the S configuration can be also used. 

Next the olefin polymerization catalyst containing the above-mentioned novel transition metal compound 
as its catalyst component is described. 

Tne meaning of the term "polymerization - used herein is not limited to •homopolymerization" but may com- 
prehend "copolymerization". Also, the meaning of the term •polymer* used herein is not limited to "homopoly- 
mer" but may comprehend "copolymer". 

The first and the second olefin polymerization catalysts according to the invention are described below. 

The first oJef in polymerization catalyst of the invention is formed from: 

(A) a transition metal compound represented by the above formula (I) (sometimes referred to as "compo- 
nent (A)" hereinafter); and 

(B) at least one compound selected from a group consisting of 
(B-1) an organoaluminum oxy-compound, and 

(B-2) an compound which reacts with the transition metal compound to form an ion pair. 
The second olefin polymerization catalyst of the Invention is formed from: 

(A) a transition metal compound represented by the above formula (I); 

(B) at least one compound selected from a group consisting of 
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(B-1) an organoaluminum oxy-compound, and 

(B-2) an compound which reacts with the transition metal compound to form an ion pair; and 
(C) an organoaluminum compound. 

The organoaluminum oxy-compound (B-1) (hereinafter sometimes referred to as "component (B-1)") used 
5 for the first and the second olefin polymerization catalysts of the invention may be a conventionally known 
aluminoxane or may be a benzene-insoluble organoaluminum oxy-compound as described in Japanese Patent 
Laid-Open Publication No. 78687/1990. 

The conventionally known aluminoxane can be prepared, for example, by the following processes. 

(1) A process comprising allowing an organoaluminum) compound such as triaJkylaluminum to react with 
10 a suspension of a compound having adsorbed water or a salt containing water of crystallization, for exam- 
ple, hydrate of magnesium chloride, copper sulfate, aluminum sulfate, nickel sulfate or cerous chloride in 
a hydrocarbon solvent 

(2) A process comprising allowing water, ice or water vapor to directly react with an organoaluminum com- 
pound such as triaJkylaluminum in a solvent such ss benzene, toluene, ethyl ether and tetrahydrof uran. 

15 (3) A process comprising allowing an organotin oxide such as dimethyitin oxide and dibutyltin oxide to react 
with an organoaluminum compound such as triaikyialuminum in a solvent such as decane, benzene and 
toluene. 

Ttie aluminoxane may contain a small amount of an organometallic component Moreover, the solvent or 
the unreacted organoaluminum compound may be distilled off from the recovered solution of aluminoxane de- 
20 scribed above, and the resultant product may be dissolved again in a solvent 

Examples of the organoaluminum compounds used for preparing aluminoxane include: 
trialkylaluminums, such as trimethylatuminum. triethylaluminum. tripropytaluminum, trilsopropylalumi- 
num. tri-n-butylaluminum. triisobutylaluminum. tri-sec-butylaluminum, tri-tert-butyJaluminum, tripentylaJumi- 
num, trihexylaluminum, trioctylaluminum and tridecylaluminum; 
25 tricydoalkylaluminums, such as tricydohexylaiuminum and tricydooctylalumlnum; 

dialkylaluminum halides, such as dimethylaluminum chloride, diethylaluminum chloride, diethytalumi- 
num bromide and diisobutytaluminum chloride; 

dialkylaluminum hydrides, such as diethylaluminum hydride and diisobutytaluminum hydride; 
dialkylaluminum alkoxides, such as dimethylaluminum methoxide and diethylaluminum ethoxJde; and 
30 dialkylaluminum aryloxides, such as diethylaluminum phenoxide. 

Of the organoaluminum compounds, triaikyialuminum and tricydoalkylalumlnum are particularly preferred. 
Further, there may be also used, as the organoaluminum compound for preparing aluminoxane, Isopreny- 
laluminum represented by the following formula (II): 

(MVUiAMKHnIi (II) 
35 wherein x. y and z are each a positive number, and z £ 2x. 

The organoaluminum compounds mentioned above may be used singly or in combination. 
Solvents used for preparing aluminoxane indude aromatic hydrocarbons such as benzene, toluene, xy- 
lene, cumene and cymene; aliphatic hydrocarbons such as pentane, hexane. heptane, octane, decane, dode- 
cane, hexadecane and octadecane; alicyclic hydrocarbons such as cyclopentane. cydohexane, cydooctane 
40 and methytcyclopentane; petroleum fractions such as gasoline, kerosine and gas oil; and halides of the above- 
mentioned aromatic aliphatic and alicyclic hydrocarbons, particularly chlorides and bromides thereof. In ad- 
dition thereto, ethers such as ethyl ether and tetrahydrof uran may be also used. Of these solvents, particularly 
preferred are aromatic hydrocarbons. 

Examples of the compounds which react with the transition metal compound (A) to form an ion pair (here- 
45 inaf ter sometimes referred to as "component (B-2)"), which are used for the first and the second olefin poly- 
merization catalysts, indude Lewis acid, ionic compounds, borane compounds and carborane compounds, as 
described in National Publications of International Patent No. 501950/1989 and No. 502036/1989, Japanese 
Patent Laid-Open Publications No. 179005/1992, No. 179008/1992, No. 207703/1992 and No. 207704/1992, 
and U.S. Patent No. 547718. 
50 The Lewis add indudes Mg-containing Lewis acid, Al-containing Lewis add and B-containing Lewis acid. 
Of these. B-containing Lewis add is preferred. 

The Lewis add containing a boron atom (B-containing Lewis acid) is, for example, a compound represented 
by the following formula: 

BRBRW 

55 wherein R*. R 7 and R 8 are each independently a phenyl group which may have a substltuent such as a fluorine 
atom, a methyl group and a trifluoromethyl group, or a fluorine atom. 

Examples of the compounds represented by the above formula indude trifluoroboron, triphenylboron. 
tris(4-fluorophenyl)boron l tris(3,5-difluorophenyl)boron, tris(4-fluoromethylphenyl)boron, trts(pentafluon> 
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phenyl)boron, tris(p-tolyl)boron, tris(o-tolyl)boron and tris(3,5-dimethylphenyl)boron. Of these, 
tris(pentaf luorophenyl)boron is particularly preferred. 

The ionic compound used in the invention is a salt comprising a cationic compound and an anionic com- 
pound. An anion reacts with the transition metal compound (A) to make the transition metal compound (A) ca- 
tionic and to form an ion pair so as to stabilize the transition metal cation seed. Examples of such anions include 
organoboron compound anion and organoarsenic compound anion, organoaluminum compound anion. Pre- 
ferred is such anion as is relatively bulky and stabilizes the transition metal cation species. Examples of cations 
include metallic cation, organometallie cation, carbonium cation, triplum cation, oxonium cation, sulfonium ca- 
tion, phosphonium cation and ammonium cation. More specifically, there can be mentioned triphenyicarbeni- 
um cation, tributylammonium cation. N.N-dimethylammonium cation and ferrocenium cation. 

Of these, preferred are ionic compounds containing a boron compound as anion. More specif ically, exam- 
ples of trialkyl-substituted ammonium salts include triethylammoniumtetra(phenyl)boron, tripropylammonium- 
tetra(phenyl)boron, tri(n-butyl)ammoniumtetra(phenyl)boron. trimethytammoniumtetra(p-toly1)boron, trims- 
thytammoniumtetra(o-tolyl)boron. tributylammoniumtBtra(pentafluorophenyl)boron, tripropytammoniumte- 
tra(o,p-dimethylphenyf)boron 1 tributylamrnoniumtetra(m,m-dimethylphenyl)boron. tributytammoniumtetra(p- 
trifluoromethy!phenyl)boron, tri(n-butyl)ammoniumtetra(o-tolyt)boron and tri(n-butyl)ammoniumtetra(4-fluo- 
rophenyl)boron. 

Examples of N,N-dialkyianilinium salts include N,N-dimethylaniliniumtetra(phenyl)boron l N,N-diethyiani- 
liniumtetra(phenyf)boron and N,N-2.4.e-pentamethylaniliniumtetra(phenyl)boron. 

Examples of dialkytammonium salts include di(n-propy1)ammoniumtetra(pentafluorophenyl)boron and di- 
cydohexytammoniumtetra{phenyl)boron. 

Examples of triarytphosphonium salts indude triphenylphosphoniumtetra(phenyl)boron. tri(methylphe- 
nyl)phosphoniumtetra(phenyl)boran and tri(dimethylphenyl)phosphoniumtetra(phenyl)boron. 

Also employable as the ionic compound containing a boron atom are triphenylcarbeniumtetrakis(penta- 
fluorophenyljborate, N,N-dimethylaniliniumtetrakis(pentafluorophenyl)borate and ferroceniumtetrakis(penta- 
fluorophenyl)borate. 

Further, the following compounds can be also employed. (In the ionic compounds enumerated below, the 
counter ion is tri(n-butyl)ammonium. but the counter ion is in no way limited thereto.) 

That is, there can be mentioned salts of anion, for example. bis{tri(n-butyl)ammonium)nonaborate, 
bis{tri(n-butyl)ammonium)decaborate. bis{tri(n-butyl)ammonium)undecaborate, bis{tri(n-butyl)ammoni- 
um)dodecaborate, bis{tri(n-butyl)ammonium)decachlorodecaborate, bis(tri(n-butyl)ammonium}dodecachlor- 
ododecaborate. tri(n-butyl)ammonium-1-carbadecat)orate, tri(n-butyl)ammonium-1-carbaundeca borate. tri(n- 
butyl)ammonium-1-cart>adodecaborate, tri(n-butyl)amrrK)niurTv1-trimethylsilyt-1-carbadecaborate and tri(n- 
butyl)ammoniumbromo-1-carbadecaborate. 

Moreover, borane compounds and carborane compounds can be also employed. These compounds are 
employed as the Lewis add or the ionic compounds. 

Examples of the borane compounds and the carborane compounds indude: 
borane and carborane complex compounds and salts of carborane anion, for example, decaborane(U), 

7.8- dicarbaundecaborane(13), 2,7-dicarbaundecaborane(13), undecahydride-7.8-dimethy1-7,8-dicarbaunde- 
caborane. dodecahydride-11-methyl-2,7-dicarbaundecaborane, tri(n-buty1)ammonium-6-carbadecabor- 
ate(14), tri(n-butyl)ammonium-6-carbadecaborate(12), tri(n-butyl)ammoniunv7-carbaundecaborate<13) t tri(n- 
butyl)ammonium-7,8-dicarbaundecaborate(12), tri(n-butyl)ammoniun>2.9-dicarbaundecaborate<12), tri(n« 
butyl)amrnoniumdodecahydride-8-methyl-7 ( 9-dicarbaundecaboratB, tri(n-butyi)amrrtoniumundecahydride-8- 
ethyl-7,9-dicarbaundecaborate, tri(n-butyl)ammoniumundecahydride-8-butyl-7,9-dicarbundecaborate, tri(n- 
butyl)ammoniumundecahydride-8-allyl-7,9-dicarbaundecaborate, tri(n-butyl)ammoniumundecahydride-9-lri- 
methy1silyl-7,8-dicart>aundecaborate and tri(n-butyl)ammoniumundecahydride-4,6-dibromo-7-carbaundeca- 
borate; and 

carborane and salts of carborane, for example, 4-carbanonaborane(14), 1,3-dicarbanonaborane(13), 

6.9- dicart>adecaborane(14), dodecahydride-1-phenyM ,3-dicarbanonaborane. dodecahydride-1-methyM ,3- 
dicarbanonaborane and undecahydride-1 ,3-dimethyH,3-dicarbanonaborane. 

Furthermore, the following compounds can be also employed. (In the ionic compounds enumerated below, 
the counter ion is tri(n-butyl)ammonium, but the counter ion is in no way limited thereto.) 

That is. there can be mentioned salts of metallic carborane and metallic borane anion, for example, tri(n- 
buty1)ammoniumbis(nonahydride-1,3-dicarbono 

hydride-7.8-dlcarbaundecaborate)ferrate(lll), tri(n-butyl)ammonlumbis(undecahydride-7,8-dicaroaundeca- 
borate)cobaltate(lll), tri(n-butyl)ammoniumbis(undecahydride-7,8-dicarbaundecaboratB)nickelate(lll). tri(n- 
butyl)amrnoniumbte(undecahydride-7^ trf(n-butyt)ammoniumbis(undeca- 
hydride-7,&-dlcarbaundecaborate)aurate(lll), trt(n-butyl)ammonlumbis(nonahydride-7.S-dimethyt-7,8-dicar- 
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baundecaborate)ferrate(lll), tri(n-butyl)ammoniumbis(nonahydride-7,8-djmethyl-7,8-dicarbaundeca- 
borate)chromate(lll), tri(n«butyl)ammoniumbis(tribromooctahydride^ 

tri(n-butyt)ammoniumbis(dodecahyoMde^ bisOri(n-butyOammonium}bis(dodeca- 
hydridedodecaborate)nickelate(lll) t tris{tri(n-butyl)ammonium)bis(undecahydride-7-carbaundecaborate) 
chromate(lll), bls{tri(n-butyl)ammonium)bis(undecahydride-7-cafbaundecaborate)manganate(IV), bis{trl(n- 
buty1)ammonium}bis(undecahydride-7-carbaundecaborate)cobaltate(lll) and bis{tri(n-butyl)ammonium)bis 
(undecahyo7ide-7-caroaundecaborate)nickelate(IV). 

The compounds (B-2) which react with the transition metal compound (A) to form an ion pair can be used 
in combination of two or more kinds. 

The organoaluminum compound (C) (hereinafter sometimes referred to as 'component (CD used for the 
second olefin polymerization catalyst of the invention is. for example, an organoaluminum compound repre- 
sented by the following formula (III): 

RVMX,. n (III) 

wherein R* is a hydrocarbon group of 1 to 12 carbon atoms, X is a halogen atom or a hydrogen atom, and n is 
1 to 3. 

In the above formula (III), R» is a hydrocarbon group of 1 to 12 carbon atoms, e.g., an alkyl group, a cy- 
cloaikyl group or an aryl group. Particular examples thereof include methyl, ethyl, n-propyl, isopropyi, isobutyl, 
pentyl, hexyl, octyl, cyclopentyl, cyctohexyl, phenyl and tolyl. 
Examples of such organoaluminum compounds (C) include: 
trialkylalumlnums, such as trimethylaluminum. triethyialuminum, triisopropylalumlnum, triisobutylalumh 
num. trioctylaluminum and tri(2-ethylhexyl)aluminum; 
alkenyfaluminums, such as Isoprenytaluminum, 

dialkylaluminum halides, such as dimethylaluminum chloride, diethylaluminum chloride, diisopropyfalu- 
minum chloride, diisobutylaluminum chloride and dimethylaluminum bromide; 

alkylaluminum sesquihalides, such as methylaluminum sesquichloride, ethylaJuminum sesquichloride, 
isopropylaluminum sesquichloride, butylatuminum sesquichloride and ethylaJuminum sesquibromide; 

alkylaJuminum dihalides, such as methylaluminum dichloride. ethylaluminum dichloride, isopropyfalumt- 
num dichloride and ethylaluminum dibromide; and 

alkylaluminum hydrides, such as diethylaluminum hydride and diisobutylaluminum hydride. 
Also employable as the organoaluminum compound (C) is a compound represented by the following for- 
mula (IV): 

*VUl> ft (III) 

wherein R» is the same hydrocarbon as in the above formula (III); L is -OR™ group. -OSfR", group, -OAIR^ 
group, -NR" 2 group, -SIR'S group or-N(R^AIR 18 2 group; n is 1 to 2; R 10 , R". R« and R« are each methyl, 
ethyl, isopropyi, isobutyl, cyclohexyl, phenyl or the like; R" is hydrogen, methyl, ethyl, Isopropyi. phenyl, tri- 
methyisilyl or the like; and R" and R 15 are each methyl, ethyl or the like. 
Examples of such organoaluminum compounds (C) include: 

(1) compounds represented by the formula RVAtyOR"),. „. for example, dimethylaluminum methoxide, die- 
thylaluminum ethoxide and diisobutylaluminum methoxide; 

(2) compounds represented by the formula R^AI (OSiR" 3 )j. „, for example, EljAI(OSiMe 3 ). (iso-BuJjAKOSi- 
Me 3 ) and (iso-Bu)jAI(OSiEt 3 ); 

(3) compounds represented by the formula R 9 „AI(OAIR« 2 ) 3 . 0f for example, EtjAIOAIEfe and (iso-BuJjAIO- 
Al(iso-Bu) 2 ; 

(4) compounds represented by the formula R 9 n AI(NR'S 2 } > ftl for example, MejAINEt* EtjAINHMe, MOjAJN- 
HEt, EtjAJNfSiMe^and (iso-Bu)2AIN(SiMe 3 ) a ; 

(5) compounds represented by the formula R» ft AI(SiR« 3 ) J . (l , for example. (iso-Bu) 2 AISiMe 3 ; and 

(6) compounds represented by the formula R 9 nAI(N(R 15 )AJR 1c 2)3. n , for example, Et 2 AIN(Me)AIEt 2 and (iso- 
Bu^NfEOAIflso-Bu)* 

Of the organoaluminum compounds represented by theformulas (111) and (IV). the compounds represented 
by the formulas R*jAI. RV^OR'*)* 0 and R^AKOAJRiy* „are preferred, and the compounds having these for- 
mulas wherein R is an isoalkyt group and n is 2 are particularly preferred. 

In the present invention, water may be used as a catalyst component in addition to the component (A), the 
component (B-1 ), the component (B-2) and the component (C). As the water employable in the invention, there 
can be mentioned water dissolved in a polymerization solvent described later, and adsorbed water or water of 
crystallization contained in a compound or a salt used for preparing the component (B-1). 

The first olefin polymerization catalyst of the invention can be prepared by mixing the component (A) and 
the component (B-1) (or the component (B-2)), and if desired water (as a catalyst component), In an inert hy- 
drocarbon medium (solvent) or an olefin medium (solvent). 
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There is no specific limitation on the order of mixing those components, but it is preferred that the com- 
ponent (B-1) (or the component (B-2)) is mixed with water, followed by mixing with the component (A). 

The second olefin polymerization catalyst of the invention can be prepared by mixing the component (A), 
the component (B-1) (or the component (B-2)) and the component (C), and if desired water (as a catalyst com- 
ponent), in an inert hydrocarbon medium (solvent) or an olefin medium (solvent). 

There is no specific limitation on the order of mixing those components. However, when the component 
(B-1 ) is used, it is preferred that the component (B-1 ) is mixed with the component (C). followed by mixing with 
the component (A). When the component (B-2) is used, it is preferred that the component (C) is mixed with 
the component (A), followed by mixing with the component (B-2). 

In the mixing of each components, an atomic ratio (Al/transitlon metal) of aluminum in the component (B- 
1) to the transition metal in the component (A) is in the range of usually 10 to 10,000, preferably 20 to 5,000; 
and a concentration of the component (A) is in the range of about 10-* to 10- 1 mol/liter-medium. preferably 
10r 7 to 5 x 1 0* mol/liter-medium. 

When the component (B-2) is used, a molar ratio (component (A)/component (B-2)) of the component (A) 
to the component (B-2) is in the range of usually 0.01 to 10, preferably 0.1 to 5; and a concentration of the 
component (A) is in the range of about 10-* to 10-* mol/liter-medium. preferably 10~ 7 to 5 x 10~ 2 mol/liter-me- 
dium 

In the preparation of the second olefin polymerization catalyst of the invention, an atomic ratio (AVAI^,) 
of the aluminum atom (Al c ) in the component (C) to the aluminum atom (AIq. ,) in the component (B-1) is in the 
range of usually 0.02 to 20, preferably 0.2 to 10. 

When water is used as a catalyst component, a molar ratio (Ala. i/H 2 0) of the aluminum atom (Al* ,) in the 
component (B-1) to water (H2O) is in the range of 0.5 to 50, preferably 1 to 40. 

The above-mentioned each components may be mixed in a polymerizer, or a mixture of those components 
beforehand prepared may be fed to a polymerizer. 

If the components are beforehand mixed, the mixing temperature is in the range of usually -50 to 150 °C. 
preferably -20 to 1 20 °C; and the contact time is in the range of 1 to 1,000 minutes, preferably 5 to 600 minutes. 
The mixing temperature may be varied while the components are mixed and contacted with each other. 

Examples of the media (solvents) used for preparing the olefin polymerization catalyst according to the 
invention include; 

aliphatic hydrocarbons, such as propane, butane, pentane, hexane. heptane, octane, decane, dodecane 
and kerosine; 

alicydic hydrocarbons, such as cyclopentane, cydohexane and methylcydopentane; 
aromatic hydrocarbons, such as benzene, toluene and xylene; 

halogenated hydrocarbons, such as ethylene chloride, chlorobenzene and dichdoromethane; and 

mixtures of these hydrocarbons. 
Next, the third and the fourth olefin polymerization catalysts according to the invention are described. 
The third olefin polymerization catalyst according to the invention comprises: 

a fine partide carrier; 

(A) a transition metal compound represented by the above formula (I); and 

(B) at least one compound selected from a group consisting of 
(B-1) an organoaluminum oxy-compound, and 

(8-2) an compound which reacts with the transition metal compound to form an ion pair; 

said transition metal compound (A) and said at least one compound (B) being supported on the 
fine partide carrier. 
The fourth olefin polymerization catalyst according to the invention comprises: 
a solid catalyst component comprising: 
a fine partide carrier, 

(A) a transition metal compound represented by the above formula (I), and 

(B) at least one compound selected from a group consisting of 
(B-1) an organoaluminum oxy-compound, and 

(B-2) an compound which reacts with the transition metal compound to form an ton pair, 

said transition metal compound (A) and said at least one compound (B) being supported on the 
fine partide carrier; and 

(C) an organoaluminum compound. 

The transition metal compound (A) used for the third and the fourth olefin polymerization catalysts of the 
invention is the same as that for the aforesaid first and second olefin polymerization catalysts, and Is repre- 
sented by the above formula (I). 

Examples of the organoaluminum oxy-compounds (B-1 ) used for the third and the fourth olefin polymeri- 
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zation catalysts of the invention are the same as those used for the first and the second olefin polymerization 
catalysts. 

Examples of the compounds (B-2) which react with the transition metal compound (A) to form an ion pair 
and used for the third and the fourth olefin polymerization catalysts of the invention are the same as those 
used for the first and the second olefin polymerization catalysts. 

Examples of the organoaluminum compounds (C) used for the fourth olefin polymerization catalyst of the 
Invention are the same as those used for the second olefin polymerization catalyst 

The fine partide carrier used for the third and the fourth olefin polymerization catalysts of the invention 
is an inorganic or organic compound, and is a particulate or granular solid having a particle diameter of 10 to 
300 \im, preferably 20 to 200 urn. 

The inorganic carrier is preferably porous oxide, and examples thereof include SiO* Al 2 0 3 , MgO t ZrO* 
Ti0 2 , B 2 0 3 , CaO. ZnO, BaO, Th0 2 . and mixtures thereof such as SiO r MgO. SiOr AI 2 Oj, SiOi-TiOj. SiOrV 2 0 5 , 
SiOrCr 2 0, and SiOrTiO r MgO. Of these, preferred is a carrier containing Si0 2 and/or AJ ,0, as its major com- 
ponent 

The above-mentioned inorganic oxides may contain carbonates, sulfates, nitrates and oxides, such as 
Na 2 CO„ KjCOj, CaCOj, MgCO,, Na 2 S0 4( Al^SOJa, BaS0 4 , KNO,, MgfNO*)* AI(N0 3 ) 2 , Na 2 0. K 2 Oand 0,0. 
in a small amount 

The fine particle carrier is varied in its properties depending on the kind and the process for the preparation 
thereof, but preferably used In the invention is a carrier having a specific surface area of 50 to 1,000 nWg, 
preferably 1 00 to 700 m*/g, and a pore volume of 0.3 to 2.5 cm >/g. The fine partide carrier is used after caldned 
at 100 to 1.000 °C, preferably 150 to 700 °C. if necessary. 

Also employable as the fine particle carrier in the Invention is a granular or particulate solid of an organic 
compound having a partide diameter of 10 to 300 pm. Examples of the organic compounds indude (co)poly- 
mers prepared mainly from ct-olefins of 2 to 14 carbon atoms such as ethylene, propylene. 1-butene and 4- 
methyM-pentene, and (co)polymers prepared mainly from vinylcydohexane or styrene. 

The fine partide carrier may contain a surface hydroxy! group or water. In this case, the surface hydroxyl 
group is contained in an amount of not less than 1 .0 % by weight, preferably 1 .5 to 4.0 % by weight, more pre- 
ferably 2.0 to 3.5 % by weight; and water is contained in an amount of not less than 1.0 % by weight preferably 
1.2 to 20 % by weight, more preferably 1.4 to 15 % by weight The water contained in the fine partide carrier 
means water which is adsorbed on the surface of the fine partide carrier. 

The amount (% by weight) of the adsorbed water and the amount (% by weight) of the surface hydroxyl 
group in me fine partide carrier can be determined in the following manner. 

Amount of adsorbed water 

The weight reduction of the fine partide carrier after drying at 200 °C under ordinary pressure for 4 hours 
in a stream of nitrogen is measured, and a percentage of the weight after the drying to the weight before the 
drying is calculated. 

Amount of surface hydroxyl group 

The weight of the fine partide carrier after drying at 200 °C under ordinary pressure for 4 hours in a stream 
of nitrogen is taken as X (g). The carrier is calcined at 1,000 °C for 20 hours to obtain a calcined product con- 
taining no surface hydroxyl group. The weight of the calcined product thus obtained is taken as Y (g). The 
amount (% by weight) of the surface hydroxyl group is calculated from the following formula. 

Amount (wt%) of surface hydroxy! group = {(X-Y)/X} * 100 

If a fine partide carrier having a specific amount of adsorbed water or a spedf ic amount of surface hydroxyl 
group as described above is used, an olefin polymerization catalyst capable of preparing an olefin polymer 
having excellent partide properties and having high polymerization activities can be obtained. 

Further, in the third and the fourth def in polymerization catalysts of the invention, such water as described 
in the first and the second def in polymerization catalysts may be used as a catalyst component 

The third olefin polymerization catalyst of the invention (i*., solid catalyst component) can be prepared 
by mixing the fine partide earner, the component (A) and the component (B-1) (or the component (B-2)). and 
if desired water (catalyst component), in an inert hydrocarbon medium (solvent) or an olefin medium (solvent). 
In the mixing of those components, the component (C) can be further added 

There is no specific limitation on the order of mixing those components. 

However, preferred processes are: 
a process in which the fine partide carrier is mixed and contacted with the component (B-1 ) (or the conv 
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ponent (B-2). and then with the component (A), followed by mixing with water if desired; 

a process in which a mixture of the component (8-1) (or the component (B-2)) and the component (A) 
is mixed and contacted with the fine particle carrier, followed by mixing with water if desired; and 

a process in which the fine particle carrier is mixed and contacted with the component (B-1 ) (or the com- 
ponent (B-2)) and water, followed by mixing with the component (A). 

In the mixing of each components, the component (A) is used in an amount of usually 1 0+ to 5 * 10-* moJ, 
preferably 3 x 1<H to 1<H mol, per 1 g of the fine particle carrier; and a concentration of the component (A) 
is in the range of about 5 x 10* to 2 x 10-2 mol/liter-medium. preferably 2 x 10* to 10- 2 mol/liter-medium. An 
atomic ratio (Al/transition metal) of aluminum in the component (B-1) to the transition metal in the component 
(A) is in the range of usually 10 to 3.000, preferably 20 to 2.000. When the component (B-2) is used, a molar 
ratio (component (Aycomponent (B-2)) of the component (A) to the component (B-2) is in the range of usually 
0.01 to 10. preferably 0.1 to 5. 

When water is used as a catalyst component, a molar ratio (Al* ,/H 2 0) of the aluminum atom (Ale. , ) in the 
component (B-1) to water (H 2 0) is in the range of 0.5 to 50, preferably 1 to 40. 

The temperature for mixing the components is in the range of usually -50 to 150 °C. preferably -20 to 120 
°C; and the contact time is in the range of 1 to 1,000 minutes, preferably 5 to 600 minutes. The mixing tem- 
perature may be varied while the components are mixed and contacted with each other. 

The fourth olefin polymerization catalyst according to the invention is formed from the above-mentioned 
third olefin polymerization catalyst (solid catalyst component) and the organoaluminum compound (C). The 
component (C) is used in an amount of not more than 500 mol, preferably 5 to 200 mol, per 1 g of the transition 
metal atom in the component (A) contained in the solid catalyst component 

The third and the fourth olefin polymerization catalysts of the invention may contain other components 
useful for the olefin polymerization than the above-described components. 

Examples of the inert hydrocarbon media (solvents) used for preparing the third and the fourth olefin poly- 
merization catalysts of the invention are the same as those used for the first and the second olefin polymeri- 
zation catalysts. 

Next the fifth and the sixth olefin polymerization catalysts according to the invention are described. 
The fifth olefin polymerization catalyst according to the invention comprises: 
a fine particle carrier; 

(A) a transition metal compound represented by the above formula (I); 

(B) at least one compound selected from a group consisting of 
(B-1) an organoaluminum oxy-compound, and 

(B-2) an compound which reacts with the transition metal compound to form an ion pair and 
a prepolymerized olefin polymer produced by prepolymerization. 
The sixth olefin polymerization catalyst according to the invention comprises: 
a fine particle carrier; 

(A) a transition metal compound represented by the above formula (I); 

(B) at least one compound selected from a group consisting of 
(B-1) an organoaluminum oxy-compound, and 

(B-2) an compound which reacts with the transition metal compound to form an ion pair, 

(C) an organoaluminum compound; and 

a prepolymerized olefin polymer produced by prepolymerization. 

Examples of the fine particle carrier used for the fifth and the sixth olefin polymerization catalysts of the 
invention are the same as those for the aforesaid third and fourth olefin polymerization catalysts. 

The transition metal compound (A) used for the fifth and the sixth olefin polymerization catalysts of the 
invention is the same as that for the aforesaid first and second olefin polymerization catalysts, and is repre- 
sented by the above formula (I). 

Examples of the organoaluminum oxy-compounds (B-1) used for the fifth and the sixth olefin polymeri- 
zation catalysts of the invention are the same as those used for the first and the second olefin polymerization 
catalysts. 

Examples of the compounds (B-2) which react with the transition metal compound (A) to form an ion pair 
and used for the fifth and the sixth olefin polymerization catalysts of the invention are the same as those used 
for the first and the second olefin polymerization catalysts. 

Examples of the organoaluminum compounds (C) used for the sixth olefin polymerization catalyst of the 
invention are the same as those used for the second olefin polymerization catalyst 

Further, in the fifth and the sixth olefin polymerization catalysts of the invention, such water aa described 
in the first and the second olefin polymerization catalysts may be used as a catalyst component 

The fifth olefin polymerization catalyst of the invention can be prepared by prepdymerizing a small amount 
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of an olefin to the solid catalyst component The solid catalyst component is obtained by mixing the fine particle 
carrier, the component (A) and the component (B-1) (or the component (B-2)), and if desired water, in an inert 
hydrocarbon medium (solvent) or an olefin medium (solvent). In the mixing of those components, the compo- 
nent (C) can be further added. 

There is no specific limitation on the order of mixing those components. 
However, preferred processes are: 
a process in which the fine particle carrier is mixed and contacted with the component (B-1 ) (or the com- 
ponent (B-2)), and then with the component (A), followed by mixing with water If desired 

a process in which a mixture of the component (B-1) (or the component (B-2)) and the component (A) 
is mixed and contacted with the fine particle carrier, followed by mixing with water if desired; and 

a process in which the fine particle carrier is mixed and contacted with the component (B-1 ) (or the com- 
ponent (B-2)) and water, followed by mixing with the component (A). 
The mixing of the components is desirably carried out with stirring. 

In the mixing of each components, the component (A) is used in an amount of usually 1 0* to 5 x 10* mol. 
preferably 3 x 10* to 10* mol, per 1 g of the fine particle carrier and a concentration of the component (A) 
is in the range of about 5 x 1 0* to 2 x 1 0* mol/liter-medium, preferably 1 0* to 1 0* mol/liter-medium. An atomic 
ratio (Al/transition metal) of aluminum in the component (B-1) to the transition metal In the component (A) Is 
In the range of usually 10 to 3,000, preferably 20 to 2,000. When the component (B-2) is used, a molar ratio 
(component (A)/component (B-2)) of the component (A) to the component (B-2) is In the range of usually 0.01 
to 10, preferably 0.1 to 5. 

When water is used as a catalyst component, a molar ratio (Ala. t/H 2 0) of the aluminum atom (Ale. ,) In the 
component (B-1) to water (H 2 0) is In the range of 0.5 to 50, preferably 1 to 40. 

The temperature for mixing the components is in the range of usually -50 to 150 °C, preferably -20 to 120 
•C; and the contact time is in the range of 1 to 1,000 minutes, preferably 5 to 600 minutes. Trie mixing tem- 
perature may be varied while the components are mixed and contacted with each other. 

The fifth olefin polymerization catalyst of the invention can be prepared by prepolymerizing an olefin in 
the presence of the ebove-mentioned components. The prepdymerization can be carried out by introducing 
an olefin into an inert hydrocarbon medium (solvent) in the presence of the components and if necessary the 
component (C). 

In the prepoiymerization, the component (A) is used in an amount of usually 10* to 2 x 10-* mol/liter, pre- 
ferably 5 x 10* to 10* mol/liter. The prepoiymerization temperature is in the range of -20 to 80 °C, preferably 
0 to 50 °C; and the prepoiymerization time is 0.5 to 100 hours, preferably about 1 to 50 hours. 

Trie olefin used for the prepoiymerization is selected from olefins which are used for polymerization, and 
it is preferable to use the same monomer as used in the polymerization or a mixture of the same monomer as 
used in the polymerization and an a-olefin. 

In the olefin polymerization catalyst of the invention obtained as above, it is desired that the transition metal 
atom is supported in an amount of about 10* to 10* g atom, preferably 2 * 10* to 3 x 10* gatom, per 1 g of 
the fine particle carrier and the aluminum atom is supported in an amount of about 10* to 10* gatom, pre~ 
ferably2x I0*to5x 10*gatom, perl g of the fine particle carrier. Further, it is also desired that the component 
(B-2) is supported in an amount of 5 x 10-7 to 0.1 g atom, preferably 2 x 10* to 3 x 10* g atom, in terms of 
the boron atom contained In the component (B-2). 

The amount of the pre polymerized polymer prepared by the prepoiymerization is desired to be In the range 
of about 0.1 to 500 g, preferably 0.3 to 300 g, particularly preferably 1 to 100 g, per 1 g of the fine particle 
carrier. 

The sixth olefin polymerization catalyst of the invention is formed from the above-mentioned fifth olefin 
polymerization catalyst (component) and the organoaiumfnum compound (C). The organoaluminum compound 
(C) is used in an amount of not more than 500 mol. preferably 5 to 200 mol. per 1 g atom of the transition metal 
atom in the component (A). 

The fifth and the sixth olefin polymerization catalysts of the invention may contain other components use- 
ful for the olefin polymerization than the above-described components. 

Examples of the inert hydrocarbon solvents used for the fifth and the sixth olefin polymerization catalysts 
of the invention are the same as those used for preparing the aforesaid first and second olefin polymerization 
catalysts. 

Poiyolef ins obtained by the use of the olefin polymerization catalysts as described above have a narrow 
molecular weight distribution, a narrow composition distribution and a high molecular weight and the olefin 
polymerization catalysts have a high polymerization activity. 

Further, when olefins of 3 or more carbon atoms are polymerized in the presence of the olefin polymeri- 
zation catalysts, poiyolef ins having excellent stereoregularity can be obtained. 
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Next the process for olefin polymerization according to the present invention is described. 

An olefin is polymerized in the presence of any of the above-described olefin polymerization catalysts. 
The polymerization may be carried out by a liquid phase polymerization process such as a suspension poly- 
merization or by a gas phase polymerization. 

In the liquid phase polymerization process, the same inert hydrocarbon solvent as used in the preparation 
of the catalyst can be used, or the olefin itself can be also used as a solvent. 

In the polymerization of an olefin using the first or the second polymerization catalyst, the catalyst is used 
in an amount of usually 10* to 1(H gatom/liter, preferably 1(H to 10r* gatom/liter, in terms of a concentration 
of the transition metal atom of the component (A) in the polymerization system. 

In the polymerization of an olefin using the third or the fourth polymerization catalyst, the catalyst is used 
in an amount of usually 1<H to 10-*g. atom/liter, preferably 10-' to 1(H g atom/liter. in terms of a concentration 
of the transition metal atom of the component (A) in the polymerization system. In this case, an aluminoxane 
which is not supported on the carrier may be employed, if desired. 

In the polymerization of an olefin using the fifth or the sixth polymerization catalyst, the catalyst is used 
in an amount of usually 10* to 1<H g atom/liter, preferably 10-' to 1(H g atom/liter, in terms of a concentration 
of the transition metal atom of the component (A) in the polymerization system. In this case, an aluminoxane 
which is not supported on the carrier may be employed, if desired. 

In the slurry polymerization, the temperature for the olefin polymerization is in the range of usually -50 to 
100 °C. preferably 0 to 90 °C. In the liquid phase polymerization, the temperature is in the range of usually 0 
to 250 °C. preferably 20 to 200 °C. In the gas phase polymerization process, the temperature is in the range 
of usually 0 to 120 *C, preferably 20 to 100 «C. The polymerization pressure is in the range of usually atmos- 
pheric pressure to 1 00 kg/cm*, preferably atmospheric pressure to 50 kg/cm* The polymerization reaction can 
be carried out either batchwise, semicontinuously or continuously. Further, the polymerization may be per- 
formed in two or more stages having different reaction conditions. 

The molecular weight of the resulting olefin polymer can be regulated by allowing hydrogen to exist in the 
polymerization system or by varying the polymerization temperature. 

Examples of the olefins to be polymerized using the ol ef in polymerization catalysts of the invention include: 
a-olefins of 2 to 20 carbon atoms, such as ethylene, propylene, 1-butene, 1-pentene, 1-hexene, 4-me- 
thyM-pentene. 1-octene, 1-decene, 1-tetradecene, 1-hexadecene, 1-octadecene and 1-eicosene; and 

cydoolefins of 3 to 20 carbon atoms, such as cyclopentene, cydoheptene, norbornene, 5-methyl-2-nor- 
bornene, tetracyclododecene and 2-methyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8 l 8a-octahydronaphthalene. 
Also employable are styrene, vinylcydohexane. diene, etc. 

When the olefin polymerization catalyst of the invention is used to polymerize an a-olef In of 3 or more car- 
bon atoms, obtainable is a polymer having a lower melting point as compared with a polymer obtained by using 
a conventional metallocene type catalyst, even though the polymers have the almost the same molecular 
weight Further, when the catalyst of the invention is used, a copolymer having a low melting point can be ob- 
tained even if the amount of recurring units derived from a comonomer is small. 

If an a-olef in of 3 or more carbon atoms is polymerized using the olefin polymerization catalyst of the in- 
vention, a great number of inversely inserted monomer units are present in the molecules of the resultant olefin 
polymer. It is known that in the a-olef in prepared by a polymerization of an a-olef in of 3 or more carbon atoms 
in the presence of a chiral metallocene catalyst, 2.1-insertion or 1,3-insertion takes place in addition to the 
ordinary 1 ,2-insertion, whereby an inversely inserted unit such as a 2,1-insertion or 1 ,3-insertion is formed in 
the olefin polymer molecule (see: Makromol. Chem., Rapid Commun., 8,305 (1987), by K. Soga. T. Shiono, S. 
Takemura and W. Kaminsky). It is also known that when inverse insertions are present in the olefin polymer 
molecule, the melting point of the olefin polymer becomes low for its stereoregularity (see: Polymer. 30, 1 350 
(1989), by T. Tsutsui, N. Ishimura, A_ Mizuno, A. Toyota and N. Kashrwa). 

In the molecule of the olefin polymer obtained by polymerizing an a-olef in of 3 or more carbon atoms using 
the olefin polymerization catalyst of the invention, a great number of inversely inserted monomer units are pres- 
ent and hence it is presumed that the melting point of the olefin polymer is lower than the melting point of an 
olefin polymer having almost the same molecular weig ht which is obtained by the use of a conventional catalyst. 

The propylene polymer, the propylene copolymer and the propylene elastomer according to the invention 
are described hereinafter. 

Propylene polymer 

The propylene polymer of the invention is a polymer comprising propylene units, but it may contain con- 
stituent units derived from other olefins than propylene in an amount of less than 0.5 % by mol, preferably 
less than 0.3 % by mol. more preferably less than 0.1 % by mol. 
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The propylene polymer of the invention has a triad tacticity of not less than 90 %. preferably not less than 
93 %, more preferably not less than 95 %. The term "triad tacticity* means a proportion of such chains of three 
propylene units (i.e.. chains consisting of three propylene units continuously bonded) that the directions of me- 
thyl branches in the propylene chain are the same as each other and each propylene units are bonded to each 
other with head-to-tall bonds, to total three propylene units-chains in the polymer, and this term is sometimes 
referred to as •mm fraction - hereinafter. 

The triad tacticity can be determined from a l3 C-NMR spectrum of the propylene polymer. 

The "C-NMR spectrum is measured in the following manner. A sample of 50 to 60 mg is completely dis- 
solved in a mixed solvent containing about 0,5 ml of hexachlorobutadiene. o-dichlorobenzene or 1 ,2.4-trichlor* 
obenzene and about 0.05 ml of deuterated benzene (i.e.. lock solvent) in a NMR sample tube (diameter 5 mm), 
and then subjected to a proton perfect decoupling method at 120 °C to measure the 13 C-NMR spectrum. The 
measurement is conducted under the conditions of a flip angle of 45° and a pulse intervai of not less than 3.4 
T, (T, is a maximum value with respect to a spin-lat lice relaxation time of the methyl group). T, of the methylene 
group and Ti of the methine group are each shorter than that of the methyl group, and hence the magnetization 
recovery of all carbons under these conditions is not less than 99 %. 

With respect to the chemical shift, the methyl group of the third unit in the 5 propylene units-chain con- 
sisting of head-to-tail bonds and having the same directions of the methyl branches is set to 21.593 ppm, and 
the chemical shift of other carbon peak is determined by using the above-mentioned value as a reference. Ac- 
cordingly, a peak based on the methyl group of the second unit In the three propylene units-chain having 
PPP(mm) structure appears In the range of 21.1 to 21.8 ppm: a peak based on the methyl group of the second 
unit in the three propylene units-chain having PPP(mr) structure appears in the range of 20.2 to 21.1 ppm; 
and a peak based on the methyl group of the second unit In the three propylene units-chain having PPP(rr) 
structure appears in the range of 19.4 to 20.2 ppm. 

PPP(mm). PPP(mr) and PPP(rr) have the following 3 propylene units-chain structure with hea<Mo-tail 
bonds, respectively. 
PPP(mm): 

CH 3 CH 3 CH 3 

I I I 

- (CH - CH 2 ) - (CH - CH 2 ) - (CH - CJty - 

PPP(m r): 



CH 3 CH 3 
I I 

- (CH - CHj) - (CH - CH 2 ) - (CH - Oty - 

I 

CH 3 

PPP(rr): 

CH 3 CH 3 

- (CH - CHj) - (CH - CH 2 ) - (CH - CH 2 ) - 

CH 3 



In addition to the ordered structures represented by the above-described PPP(mm). PPP(mr) and PPP(rr), 
the propylene polymer has a structure (i) containing an inversely inserted unit based on the 2,1-insertion and 
a structure (ii) containing an inversely inserted unit based on the 1,3-insertion. in small amounts. 
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Structure (i) 



A B C 
CH 3 CH 3 CH 3 CH 3 CH 3 CH 3 

- (CH 2 - CH) - (CH 2 - CH) - (CH 2 - CH) - (CH - CH 2 ) - (CH 2 - CH) - (CH 2 - CH) - 

E F 



Structure (ii) 



D D 
CH 3 CH 3 CH 3 CH 3 

- (CH 2 - CH) - (CH 2 - CH) - (CH 2 - CH 2 - CH 2 ) - (CH 2 - CH) - (CH 2 - CH) - 

The aforementioned definition of the mm fraction is not applied to the propylene units having the carbons 
attached with marks A, B. C and D among the carbons attached with marks A to F. The carbon A and the carbon 
B resonate in the region of 16.5 to 17.5 ppm, the carbon C resonates in the vicinity of 20.8 ppm (mr region), 
and the carbon D resonates in the vicinity of 20.7 ppm (mr region). In the structure (i) and the structure (ii), 
however, not only the peak of the methyl group but also the peaks of the adjacent methylene and methine 
groups must be confirmed. 

In the structure (ii), -(CHj) 3 - unit is produced and a unit corresponding to one methyl group disappears as 
a result of hydrogen transfer polymerization. 

Accordingly, the mm fraction in all of the polymer chains can be represented by the following formula: 

mm Fraction (%) = area of metn y | 9 rou P P 1 - 1 - 21 8 PP m ) x 100 
Bch, + 0* + W/4 

wherein IICHj denotes the total areas of all peaks derived from the methyl groups. 

Further, U and l^ are an area of a6 peak (resonance in the vicinity of 37.1 ppm) and an area of 0y peak 
(resonance in the vicinity 27.3 ppm), respectively. Naming of these methylene peaks was made in accordance 
with a method by Carman, et at. (Rubber Chem. Tachnol., 44 (1971), 781). 

In the polymerization to prepare a propylene polymer, the 1,2-insertion of the propylene monomer mainly 
takes place, but the 2,1-lnsertion or the 1,3-insertion thereof sometimes takes place. The 2,1 -insertion forms 
the inversely inserted unit represented by the aforementioned structure (i) in the polymer chain. The proportion 
of the 2, 1-propylene monomer insertions to the all propylene insertions was calculated by the following formula. 
Proportion of inversely inserted units based on 2.1 - insertion (%) = 
0.5 x (area of methyl group (16.5 - 17.5 ppm) inn 
Hch,*(U*W/4 Xl0 ° 
Likewise, the proportion of the 1,3-propylene monomer insertions represented by the aforementioned 
structure (ii) to the all propylene insertions was calculated by the following formula. 



Proportion of inversely 

inserted units based « u a 5 + t^ y) / 4 x 100 

on 3,1-insertion (%) I i CH3 ♦ <I<x6 * I{Jy> / 4 



In the propylene polymer according to the invention, the proportion of the inversely inserted units based 
on the 2,1-insertion in all propylene insertions, as measured by 13 C-NMR, is not less than 0.7 %, preferably 
0.7 to 2.0 %. Further, in the propylene polymer of the invention, the proportion of the inversely inserted units 
based on the 1.3-insertion in ail propylene insertions is not more than 0.05 %, preferably not more than 0.04 
%, more preferably not more than 0.03 %. 

The propylene polymer of the invention has an intrinsic viscosity [nj, as measured in decabydronaphtha- 
lene at 135 *C, of 0.1 to 12 dl/g, preferably 0.5 to 12 dl/g, more preferably 1 to 12 dl/g. 
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The propylene polymer of the invention can be prepared by polymerizing propylene in the presence of, for 
example, the aforesaid olefin polymerization catalysts. The polymerization can be carried out by a liquid phase 
polymerization (e.g., a suspension polymerization and a solution polymerization) or a gas phase polymeriza- 
tion. 

In the liquid phase polymerization, the same inert hydrocarbon solvent as used for preparing the aforesaid 
catalyst can be used, or propylene can be also used as a solvent 

In the suspension polymerization, the temperature for polymerizing propylene is in the range of usually -50 
to 100 «C. preferably 0 to 90 °C. In the solution polymerization, the temperature is in the range of usually 0 to 
250 °C, preferably 20 to 200 °C. In the gas phase polymerization, the temperature is In the range of usually 0 
to 1 20 °C, preferably 20 to 1 00 °C. The polymerization pressure is In the range of usually atmospheric pressure 
to 100 kg/cm* preferably atmospheric pressure to 50 kg/cm 2 . The polymerization reaction can be carried out 
either batchwise, semicontinuously or continuously. Further, the polymerization can be carried out in two or 
more stages having different reaction conditions. 

The molecular weight of the resultant propylene polymer can be regulated by allowing hydrogen to exist 
in the polymerization system or by varying the polymerization temperature and the polymerization pressure. 

Propylene copolymer 

The propylene copolymer of the invention is a propylene/ethylene random copolymer containing propylene 
units in an amount of 95 to 99.5 % by mol, preferably 95 to 99 % by mo!, more preferably 95 to 98 % by moi, 
and containing ethylene units in an amount of 0.5 to 5 % by mol. preferably 1 to 5 % by mol, more preferably 
2to5%bymol. 

Such propylene copolymer may contain constituent units derived from other olefins than propylene and 
ethylene in an amount of not more than 5 % by mol. 

In the propylene copolymer of the invention, the triad tacticity of the propylene unit chain consisting of 
head-to-tail bonds, as measured by !3 C-NMR, is not less than 90 %, preferably not less than 93 %, more pre- 
ferably not less than 96 %. 

The triad tacticity (mm fraction) of the propylene copolymer can be determined from a ,3 C-NMR spectrum 
of the propylene copolymer and the following formula: 

mm Fraction = — ppp ( mn tt 

PPP(mm) + PPP(mr) + PPP(rr) 
wherein PPP(mm); PPP(mr) and PPP(rr) denote peak areas derived from the methyl groups of the second unite 
in the following three propylene units-chains consisting of head-to-tail bonds, respectively: 
PPP(mm): 



CH 3 CH 3 CH 3 

• I I 

(CH - CH 2 ) - (CH - CH 2 ) - (CH - CH 2 ) - 



PPP(m r): 



CH 3 CH 3 
I I 

- (CH - CH 2 ) - (CH - CH 2 ) - (CH - CH 2 ) - 

I 

CH 3 
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PPP(rr): 



5 CH 3 CH 3 

- (CH - CH 2 ) - (CH - CH 2 ) - (CH - CHj) - 

CH 3 

10 

The ,3 C-NMR spectrum of the propylene copolymer can be measured in the same manner as described 
for the propylene polymer. The spectrum relating to the methyl carbon region (16-23 ppm) can be classified 
into the first region (21.1 - 21.9 ppm). the second region (20.3 - 21.0 ppm), the third region (19.5 - 20.3 ppm) 
and the fourth region (16.5 - 17.5 ppm). Each peak in the spectrum was assigned with reference to a literature 
is "Polymer, 30 (1989) 1350. 

In the first region, the methyl group of the second unit in the three propylene units-chain represented by 
PPP(mm) resonates. 

In the second region, the methyl group of the second unit In the three propylene units-chain represented 
by PPP(mr) resonates and the methyl group (PPE-methyl group) of a propylene unit whose adjacent units are 
20 a propylene unit and an ethylene unit resonates (in the vicinity of 20.7 ppm). 

In the third region, the methyl group of the second unit in the three propylene units-chain represented by 
PPP(rr) resonates and the methyl group (EPE-methyl group) of a propylene unit whose adjacent units are ethy- 
lene units resonate (in the vicinity of 19.8 ppm). 

Further, the propylene copolymer has the following structures (i) and (iii) containing an inversely inserted 

25 unit 



Structure (i) 



CH 3 



CH 3 
I 



CH 3 
I 



CH 3 



C 

CH 3 
I 



CH 3 



(CH 2 - CH) - (CH 2 - CH) - (CH 2 - CH) - (CH - CH 2 ) - (CH 2 - CH) - (CH 2 - CH) 
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Structure (iii) 



C* G C 

CH 3 CH 3 CH 3 CH 3 CH 3 

1 t I I I 

- (CH 2 - CH) - (CH 2 - CH) - (CH 2 - CH 2 ) - (CH - CH 2 ) - (CH 2 - CH) - (CH 2 - CH) - 



Of the carbons attached with marks A to G, a peak of the carbon C and a peak of the carbon C* appear in 
the second region, a peak of the carbon 6 appears in the third region, and a peak of the carbon A and a peak 
of the carbon B appear in the fourth region. 

50 Of the peaks which appear in the first to fourth regions as described above, peaks which are not based 
on the three propylene units-chain consisting of head-to-tall bonds are peaks based on the PPE-methyl group, 
the EPE-methyl group, the carbon C t the carbon C\ the carbon G, the carbon A and the carbon B. 

The peak area based on the PPE-methyl group can be evaluated by the peak area of the PPE-methine 
group (resonance in the vicinity of 30.6 ppm). and the peak area based on the EPE-methyl group can be eval- 

55 uated by the peak area of the EPE-methine group (resonance in the vicinity of 32.9 ppm). The peak area based 
on the carbon C can be evaluated by 1/2 as much as the sum of the peak areas of the carbon F and the carbon 
E both having the inversely inserted structure (structure (i)) (resonance in the vicinity of 35.6 ppm and reso- 
nance in the vicinity of 35.4 ppm, respectively). The peak area based on the carbon C can be evaluated by 
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1/2 as much as the sum of the peak areas of the a0 methylene carbons having the inversely inserted structure 
(structure (iii)) (resonance in the vicinity of 34.3 ppm and resonance in the vicinity of 34.5 ppm, respectively). 
The peak area based on the carbon G can be evaluated by the peak area of the adjacent methine carbon (res- 
onance in the vicinity of 33.7 ppm). 

Accordingly, by subtracting these peak areas from the total peak areas of the second region and the third 
region, the peak areas based on the three propylene units-chains (PPP(mr) and PPP(rr)) consisting of head- 
to-tail bonds can be obtained. 

Sin ce the positions of the carbon A peak and the carbon 8 peak have no concern with the peak of the three 
propylene units-chain (PPP), they do not need to be taken into account 

Thus, the peak areas of PPP(mm), PPP{mr) and PPP(rr) can be evaluated, and hence the triad tactldty 
of the propylene unit chain consisting of head-to tail bonds can be determined. 

In the propylene copolymer of the invention, the proportion of the inversely inserted units based on the 
2.1 -insertion in all propylene insertions, as measured by "C-NMR, is not less than 0.5 %, preferably 0.5 to 1.5 
%. Further, in the propylene copolymer of the invention, the proportion of the inversely inserted unite based 
on the 1,3-insertion of the propylene monomer in all propylene insertions is not more than 0.05 %, preferably 
not more than 0.04 %, more preferably not more than 0.03 %. 

In the polymerization, the 1,2-insertion of the propylene monomer (i.e., the methylene side is bonded to 
the catalyst) mainly takes place, but the 2.1-insertion thereof sometimes takes place. The 2,1-lnsertton forms 
the inversely inserted unit In the polymer. 

The proportion of the 2.1 -Insertions to the ail propylene insertions In the propylene copolymer was calcu- 
lated by the following formula with reference to "Polymer", 30 (1989) 1350. 

Proportion of Inversely inserted unit based on 2.1 - insertion (%) * 
0.5 lap (structured)) + 0.25 Ia3 (structureflii)) m 
laa «► lap (structure^) + 0.5 {lay + lap (structure^!)) + laS) 
Naming of the peaks in the above formula was made in accordance with a method by Carman, et al. (Rub- 
ber Chem. Tachnol., 44 (1971), 781). U denotes a peak area of the aS peak. 

The proportion (%) of the amount of the three propylene units-chains based on the 1,3-lnsertlon was de- 
termined by dividing 1/2 as much as the area of the 0y peak (resonance in the vicinity of 27.4 ppm) by the sum 
of all the methyl group peaks and 1/2 as much as the py peak, and then multiplying the resulting value by 1 00. 

The propylene copolymer of the invention has an intrinsic viscosity fo], as measured in decahydronaph- 
thalene at 135 °C. of 0.1 to 12 dl/g. preferably 0.5 to 12 dl/g, more preferably 1 to 12 dl/g. 

The propylene copolymer of the invention can be prepared by ^polymerizing propylene and ethylene in 
the presence of, for example, the aforesaid olefin polymerization catalysts. The copoiymerization can be car- 
ried out by a liquid phase polymerization (e.g., a suspension polymerization and a solution polymerization) or 
a gas phase polymerization. 

In the liquid phase polymerization, the same inert hydrocarbon solvent as used for preparing the aforesaid 
catalyst can be used, and propylene and/or ethylene can be also used as a solvent. 

In the suspension polymerization, the temperature for copolymerizing propylene and ethylene is In the 
range of usually -50 to 100 *C. preferably 0 to 90 °C. In the solution polymerization, the temperature is In the 
range of usually 0 to 250 °C. preferably 20 to 200 C C. In the gas phase polymerization, the temperature is in 
the range of usually 0 to 120 "C, preferably 20 to 100 *C. The copoiymerization pressure is in the range of 
usually atmospheric pressure to 100 kg/cm*, preferably atmospheric pressure to 50 kg/cm*. The copoiymeri- 
zation reaction can be carried out either batchwise, semicontinuously or continuously. Further, the copoiymer- 
ization can be carried out in two or more stages having different reaction conditions. 

The molecular weight of the resultant propylene copolymer can be regulated by allowing hydrogen to exist 
in the copoiymerization system or by varying the copoiymerization temperature and the copoiymerization pres- 
sure. 

Propylene elastomer 

The propylene elastomer of the invention is a propylene/ethylene random copolymer containing propylene 
units in an amount of 50 to 95 % by mol. preferably 60 to 93 % by mol. more preferably 70 to 90 % by mol, and 
containing ethylene units in an amount of 5 to 50 % by mol, preferably 7 to 40 % by mol. more preferably 10 
to 30 % by mol. 

Such propylene elastomer may contain constituent units derived from other olefins than propylene and 
ethylene in an amount of not more than 10 % by mol. 

In the propylene elastomer of the invention, the triad tactictty of the propylene unit chain consisting of head- 
to-tail bonds, as measured by 15 C-NMR, is not less than 90.0 %, preferably not less than 92.0 %, more prefer- 
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ably not less than 95.0 %. 

The triad tacticity (mm fraction) of the propylene elastomer can be determined from a 1S C-NMR spectrum 
of the propylene elastomer and the following formula: 

mm Fraction = — PPP ( mm ) 

PPP(mm) + PPP(mr) + PPP(rr) 
wherein PPP(mm). PPP(mr) and PPP(rr) have the same meanings as defined before. 

The 13 C-NMR spectrum of the propylene elastomer can be measured in the same manner as described 
for the propylene polymer. The spectrum relating to the methyl carbon region (19-23 ppm) can be classified 
into the first region (21.2 - 21.9 ppm), the second region (20.3 - 21.0 ppm) and the third region (19.5 - 20.3 
ppm). Each peak in the spectrum was assigned with reference to a literature "Polymer*. 30 (1989) 1350. 

In the first region, the methyl group of the second unit in the three propylene units-chain represented by 
PPP(mm) resonates. 

In the second region, the methyl group of the second unit in the three propylene units-chain represented 
by PPP(mr) resonates and the methyl group (PPE-methyt group) of a propylene unit whose adjacent units are 
a propylene unit and an ethylene unit resonates (in the vicinity of 20.7 ppm). 

In the third region, the methyl group of the second unit in the three propylene units-chain represented by 
PPP(n) resonates and the methyl group (EPE-methyi group) of a propylene unit whose adjacent units are ethy- 
lene units resonates (in the vicinity of 19.8 ppm). 

Further, the propylene elastomer has the following structures (iii) and (iv) containing an inversely inserted 



unit 



Structure (iii) 



CH 3 CH 3 
I I 
- (CH 2 - CH) - (CH 2 . CH) - (CH 2 - CH 2 ) 

Structure (iv) 



G C 

CH 3 CH 3 CH 3 

- (CH - CH 2 ) - (CH 2 - CH) - (CH 2 - CH) - 



CH 3 
I 



CH 3 
I 



• (CH 2 - CH) - (CH 2 - CH) - (CH 2 - CH 2 ) n 



G' C" 

<j H 3 CH 3 CH 3 

(CH - CH 2 ) - (CH 2 - CH) - (CH 2 - CH) - 



(n>2) 



Of the carbons attached with marks C and G, a peak of the carbon C and a peak of the carbon C M appear 
in the second region, and a peak of the carbon G and a peak of the carbon G* appear in the third region. 

Of the peaks which appear in the first to third regions as described above, peaks which are not based on 
the 3 propylene units-chain consisting of head-to-tail bonds are peaks based on the PPE-methyl group, the 
EPE-methyi group, the carbon C\ the carbon C\ the carbon G and the carbon G\ 

The peak area based on the PPE-methyl group can be evaluated by the peak area of the PPE-methine 
group (resonance in the vicinity of 30.6 ppm). and the peak area based on the EPE-methyi group can be eval- 
uated by the peak area of the EPE-methine group (resonance in the vicinity of 3£9 ppm). The peak area based 
on the carbon C* can be evaluated by twice as much as the peak area of the methine carbon (resonance in 
the vicinity of 33.6 ppm) to which the methyl group of the carbon G is directly bonded; and the peak area based 
on the carbon CT can be evaluated by the peak area of the adjacent methine carbon (resonance in the vicinity 
of 33.2 ppm) of the methyl group of the carbon G\ The peak area based on the carbon G can be evaluated by 
the peak area of the adjacent methine carbon (resonance in the vicinity of 33.6 ppm); and the peak area based 
on the carbon G' can be also evaluated by the adjacent methine carbon (resonance in the vicinity of 33.2 ppm). 

Accordingly, by subtracting these peak areas from the total peak areas of the second region and the third 
region, the peak areas based on the 3 propylene units-chains (PPP(mr) and PPP(rr)) consisting of head-to- 
tail bonds can be obtained. 

Thus, the peak areas of PPP(mm), PPP(mr) and PPP(rr) can be evaluated, and hence the triad tacticity 
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of the propylene unit chain consisting of head-to tail bonds can be determined. 

In the propylene eJestomer of the invention, the proportion of the inversely inserted units based on the 
2,1-insertion in all propylene insertions, as measured by 13 C-NMR, is not less than 0.5 %, preferably 0.5 to £0 
%. more preferably 0.5 to 1 .5 %. Further, in the propylene elastomer of the invention, the proportion of the in- 
versely inserted units based on the 1,3-insertlon is not more than 0.05 %, preferably not more than 0.03 %. 

The proportion of the 2,1-insertions to all of the propylene insertions in the propylene elastomer was cal- 
culated by the following formula with reference to "Polymer", 30 (1989) 1350. 

Proportion of Inversely inserted unit based on 2.1 - insertion (%) = 

0^5lci6 (structure(1ii)) + 0.5 lap (structure^)) 
loa + Ia0 (structure^)) + 0.5 (lay + lap (structure(iiD) + lai) * 
Naming of the peaks in the above formula was made in accordance with a method by Carman, et at. (Rub- 
ber Chem. Tachnol.. 44 (1 971), 781). U denotes a peak area of the afi peak. 

If it is difficult to determine the peak area of 1^ or the like directly from the spectrum because of overlapping 
of the peaks, a carbon peak having the corresponding area can be substituted therefor. 

The proportion (%) of the amount of the three propylene units-chains based on the 1,3-insertlon was de- 
termined by dividing 1/2 as much as the area of the Py peak (resonance in the vicinity of 27.4 ppm) by the sum 
of ail the methyl group peaks and 1/2 as much as the py peak, and then multiplying the resulting value by 1 00. 

The propylene elastomer of the invention has an intrinsic viscosity fo], as measured in decahydronaph- 
thalene at 135 °C. of 0.1 to 12 dl/g. preferably 0.5 to 12 dl/g, more preferably 1 to 12 dl/g. 

The propylene elastomer of the invention can be prepared by copolymerizing propylene and ethylene in 
the presence of. for example, the aforesaid olefin polymerization catalysts. The copolymerization can be car- 
ried out by a liquid phase polymerization (e.g., a suspension polymerization and a solution polymerization) or 
a gas phase polymerization. 

In the liquid phase polymerization, the same inert hydrocarbon solvent as used far preparing the aforesaid 
catalyst can be used, and propylene and/or ethylene can be also used as a solvent 

In the suspension polymerization, the temperature for copolymerizing propylene and ethylene Is in the 
range of usually -50 to 100 °C, preferably O to 90 °C. In the solution polymerization, the temperature Is in the 
range of usually 0 to 250 °C, preferably 20 to 200 °C. In the gas phase polymerization, the temperature is in 
the range of usually 0 to 120 °C. preferably 20 to 100 °C. The copolymerization pressure is in the range of 
usually atmospheric pressure to 100 kg/cm 2 , preferably atmospheric pressure to 50 kg/cm 2 . The copolymeri- 
zation reaction can be carried out either batchwise, semicontinuously or continuously. Further, the copolymer- 
ization can be carried out in two or more stages having different reaction conditions. 

The molecular weight of the resultant propylene elastomer can be regulated by allowing hydrogen to exist 
in the copolymerization system or by varying the copolymerization temperature and the copolymerization pres- 
sure. 

EFFECT OF THE INVENTION 

The novel transition metal compound according to the invention can be used as an olefin polymerization 
catalyst component. 

The olefin polymerization catalyst of the invention has high polymerization activity and polyolef ins pre- 
pared by the use of the catalyst have a narrow molecular weight distribution and a narrow composition distrib- 
ution. When an o-olef in of 3 or more carbon atoms is used, obtainable is a polymer having a lower melting 
point as compared with a polymer obtained by using a conventional metailocene catalyst even though the poly- 
mers have the almost the same molecular weight 

By the use of the catalyst of the invention, a copolymer having a low melting point can be obtained even 
if the amount of recurring units derived from a comonomer is small. Further, because of a small amount of a 
solvent-soluble components, the resultant copolymer is excellent in various properties such as transparency, 
heat-sealing properties and anti-blocking properties. Moreover, the synthesis of polypropylene can be made 
with fewer reaction steps and Is more economical, as compared with the synthesis using a conventional met- 
ailocene catalyst when polypropylene having almost the same molecular weight is produced. . 

When a copolymer elastomer mainly containing ethylene units and propylene units Is prepared using the 
olefin polymerization catalyst of the invention, the resultant elastomer has a high molecular weight Such co- 
polymer elastomer has a high strength, and hence when used as a modifier, the elastomer exhibits excellent 
effects in the improvement of impact strength and hardness of polyolef ins. When the copolymer elastomer Is 
used to prepare a propylene block copolymer, the resultant copolymer is well-baJanced between heat resis- 
tance, rigidity or transparency and impact strength because the molecular weight of the copolymer elastomer 
can be increased. Also in the preparation of polyethylene, the resultant polyethylene is excellent in mechanical 
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strength such as impact strength, tensile strength and flexural strength for the same reason. 

The propylene polymer of the invention is excellent in rigidity, heat resistance, surface hardness, glossi- 
ness, transparency and impact resistance. Hence, it can be suitably used for various industrial parts, contain- 
ers, films, nonwoven fabrics, stretched yarns, etc. 

The propylene copolymer of the invention is excellent in transparency, rigidity, surface hardness, heat re- 
sistance, heat-sealing properties, anti-blocking properties, bleed resistance and impact resistance. Hence, it 
can be suitably used for films, sheets, containers, stretched yarns, nonwoven fabrics, etc. 

The propylene elastomer of the invention is excellent in heat resistance, impact absorbing properties, 
transparency, heat-sealing properties and anti-blocking properties. Hence, it can be singly used for films, 
sheets, etc, and moreover it can be suitably used as a modifier of a thermoplastic resin. 

EXAMPLE 

The present invention is described in more detail with reference to the following examples, but it should 
be construed that the invention is in no way limited to those examples. 

In the present invention, an intrinsic viscosity fo], a molecular weight distribution (Mw/Mn), a slereoregu- 
larity (mmmm), a proportion of inversely inserted units and a melting point (Tm) are measured by the following 
methods. 

Further, in some examples, a melt flow rate (MFR), a flexural modulus (FR), a heat distortion temperature 
(HOT), a heat seal-starting temperature and a heat seal-starting temperature after heat treatment, an Izod im- 
pact strength (IZ) and a film impact strength are measured by the following method. 

Intrinsic viscosity fa) 

The intrinsic viscosity [tj] was measured in decahydronaphthalene at 135 Q C, and expressed by dl/g. 
Molecular weight distribution (Mw/Mn) 

The molecular weight distribution (Mw/Mn) was measured in the following manner using GPC-150C pro- 
duced by Milipore Co. 

A separation column of TSK-GNH-HT having a diameter of 72 mm and a length of 600 mm was used, and 
the column temperature was set to 140 A sample (concentration 0.1 % by weight amount 500 microliters) 
was moved in the column at a rate of 1 .0 ml/min using o-dichlorobenzene (available from Wako Junyaku Kogyo 
K.K.) as a mobile phase and 0.025 % by wight of BHT (Takeda Chemical Industries. Ltd.) as an antioxidant. A 
differential ref ractometer was used as a detector. With respect to standard polystyrenes, polystyrenes avail- 
able from Toso Co., Ud. were used for Mw < 1 ,000 and Mw > 4 x 1 o* and polystyrenes available from Pressure 
Chemical Co. were used for 1 ,000 < Mw < 4 * 1 0*. 

Stereoregularity (mm triad tacticity and mmmm pentad tacticity) 

mm triad tacticity was measured as mentioned above, 
mmmm pentad tacticity was measured as follows. 

About 50 mg of a sample was completely dissolved In a mixed solvent containing 0.5 ml of o-dichloroben- 
zene (or hexachlorobutadiene) and 0.1 ml of deuterated benzene In a NMR sample tube (diameter 5 mm) at 
about 120 °C, and then a ,5 C-NMR spectrum was measured (nudear species: 13 C, mode: perfect proton de- 
coupling, temperature: 120 6 C) by a GX500 type NMR measuring apparatus produced by Japan Electron Op- 
tics Laboratory Co., Ltd. 

On the 13 C-NMR spectrum, an area of a peak having resonance in the lowest magnetic field (21.8 ppm 
according to A. Zambelli. P. Locatelli, G. Bajo and FA. Bovey, •Macromolecules*, 8, 687 (1975)) was divided 
by a total area of all peaks of the methyl grou ps, and the resultant value was taken as a mmmm pentad tacticity 
value. 

Proportion of inversely inserted units 

For each of the polymers obtained in Examples 3 and 4 and Comparative Example 1, the proportions of 
the inversely inserted units based on the 2,1-insertion and the 1,3-lnsertion of a propylene monomer present 
in the propylene chain of the polymer were determined from the 13 C-NMR spectrum and the following formulas. 
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2.1 - insertion (%) = . a5la P- x100 
laa + Ia0 

1.3- insertion {%) = °f la P , c x100 

laa + Jap + Ia6 

wherein laa is the total area of the aa carbon peaks (resonances in the vicinity of 42.0 ppm and 46.2 ppm), 
lap is the total area of the ap carbon peaks (resonances in the vicinity of 30.2 ppm and 35.6 ppm), and laS is 
an area of the a6 carbon peak (resonance in the vicinity of 37.1 ppm). Naming of the peaks (e.g., oa) was 
made in accordance with the classification by Carman, et al. (C.J. Carman and C.E. Wilkes. Rubber Cherrt 
Technol., 44. 781(1971)). 

The proportions of the inversely inserted units in other examples were measured by the method described 
before. 



Melting point (Tm) 

is The melting point was determined from an endothermic curve given by heating about 5 mg of a sample 
charged in an aluminum pan to 200 °C at a rate of 1 0 °C/min, keeping it at 200 «C for 5 minutes, then cooling 
it to room temperature at a rate of 20 °C/min and heating it again at a rate of 10 8 C/min. The measurement 
was conducted using a DSC-7 type apparatus produced by Perkin Elmer Co. 

20 Melt flow rate (MFR) 

The MFR is measured in accordance with ASTM D 1238 under a load of 2.16 kg at 230 °C. 
Flexural modulus (FM) 

25 

The FM is measured in accordance with ASTM D 790 using a specimen of 12.7 mm (width) X 6.4 mm (thick- 
ness) X 127 mm (length) prepared by injection molding at a resin temperature of 200 °C and a molding tem- 
perature of 40 °C at a distance between spuns of 1 00 mm and a rate of flexing of 2 mm/min. 

30 Heat distortion temperture (HPT) 

The HDT is measured in acordance with ASTM D 648 under a load of 4.6 kg/cm*. 

Heat seal-starting temperature and heat seal-starting temperature after heat treatment 

35 

With respect to a T-die film having a width of 30 cm and a thickness of 50 urn prepared using a single screw 
extruder having a diameter of 30 mm under the conditions of a resin temperature of 210 °C (at a portion of 
dicer of extruder), a take-of f speed of 3 m/min and a temperature of cooling roll of 25 °C, heat seal of two films 
is carried out using a heat sealer by sealing at various seal for temperatures under the conditions of a heat 

40 seal pressure of 2 kg/cm 2 , a seal time of 1 second and a width of 5 mm, to prepare a sealed film. The above- 
prepared sealed film was allowed to cool. 

The heat seal-staring temperature is defined as a temperature of the heat sealer when the peeling resis- 
tance of the sealed film becomes 300 g/25 mm. under such conditions that the sealed film is peeled off at 23 
*C, a peeling speed of 200 mm/min and a peeling angle of 1 80 °. 

45 Separately, another sealed film was subjected to heat treatment at 50 °C for 7 days. The heat seal-starting 
temperature after heat treatment was measured using the heat treated specimen. 

Izod impact strength (IZ) 

» The IZ is measured in accordance with ASTM D 256 at 23 °C using a notched specimen of 1 2.7 mm (width) 

x 6,4 mm (thickness) X 64 mm (length). 

The specimen is prepared by injection molding at a resin temperature of 200 P C and a molding temperature 

of 40 °C using a polypropylene composition obtained by dry-blending 20 % by weight of a polymer according 

to the present invention and 80 % by weight of a polypropylene (HIPOL™. grade J 700. melt flow rate: 11 g/10 
55 min (at 230 °C), density: 0.91, manufactured by Mitsui petrochemical Industries, Ltd.), and melt-kneading at 

200 °C using a twin-screw extruder. 
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Rim impact strength 

The film impact strength is measured using afilm impact tester(manufactured by ToyoSeiki K.K., diameter 
of impact head bulb: 1/2 inch (12.7 mm $)). 

Example 1 

Synthesis of racHJimethylsilyJ-bis{1-(4.isopropyl-2,7-dimethylindenyl)}zirconiuin dichloride 
10 Synthesis of 4-fsopropyt-2,7-dimethylindene (compound 1) 

A Miter reactor thoroughly purged with nitrogen was charged with 90 g (0.67 mol) of aluminum chloride 
and 1 50 ml of carbon disulfide, and to the reactor was dropwise added a solution of 47 ml (0.30 mol) of p-cym- 
ene and 33 ml (0.3 mol) of methacryloyl chloride in 30 ml of carbon disulfide at a temperature of 20 to 25 °C. 

is The mixture was reacted at room temperature for 12 hours and then added to 1 kg of ice, followed by extraction 
with ether. The obtained ether solution was washed with saturated aqueous solution of sodium hydrogencar- 
bonate and then water, and concentrated to obtain 68 g of an oil. This oil was purified by means of silica gel 
column chromatography (eluting solution: n-hexane) to obtain 42 g of a mixture (mixture 1) of 2,4-dimethyi-7- 
propyl-1-lndanone and 2,7-dimethyl-4-isopropyJ-1-lndanone (yield: 67 %). 

20 A Miter reactor thoroughly purged with nitrogen was charged with 2.82 g (0.075 mol) of lithium aluminum 
hydride and 200 ml of ether, and to the reactor was dropwise added a mixture of 36.5 g (0.1 8 mol) of the mixture 
1 and 1 50 ml of ether while cooling with ice. After the dropwise addition was completed, the mixture was stirred 
at room temperature for 30 minutes and then refluxed for 1 hour. After the reaction was completed, the reaction 
mixture was worked up by conventional procedure and then extracted with ether. The obtained ether solution 

25 was washed with saturated aqueous solution of sodium hydrogencarbonater and water, and dried over sodium 
sulfate. The ether layer was concentrated to obtain 36 g of a solid. This solid was slurried in 100 ml of n-hexane 
and the solvent was evaporated off to obtain 30 g of a mixture (mixture No.2) of 2,4-dimethyl-7-isopropyl-1- 
indanol and 2,7-dimethyW-isopropyM-indanol (yield: 82 %). 

A 1-liter reactor thoroughly purged with nitrogen was charged with 25 g (0.12 mol) of the mixture 2 and 

30 500 ml of benzene. To the reactor was added 50 mg (0.55 mmol) of paratoluene sulfonic acid monohydrate, 
and the mixture was refluxed for 1 hour. After the reaction was completed, the reaction mixture was poured 
Into 30 ml of saturated sodium hydrogencarbonate solution. The resulting organic layer was washed with water 
and then dried over anhydrous sodium sulfate. The organic layer was concentrated to give an oil which was 
then distilled to obtain 20 g of the title compound 1 (yield: 90 %). 

35 The NMR data of the title compound 1 is shown in Table 1, 

Synthesis of 1,VHlimethylsilyl-bis(4-isopropyl-2,7-dimethylindene) (compound 2) 

A 200-ml reactor thoroughly purged with nitrogen was charged with 9.5 g (51 mmol) of the title compound 
40 1, 7.7 ml (51 mmol) of tetramethylethylenediamine and 60 ml of diethyl ether, followed by cooling to -10 °C. 
To the solution was added a solution of n-butyHithium (51 mmol) in hexane. After heating to room temperature, 
the solution was cooled again to -10 °C, 3. 1 ml (25.5 mmol) of dimethyldichlorosilane was dropwise added over 
30 minutes and the reaction was carried out for 1 hour. After the reaction was completed, the reaction solution 
was added to 40 ml of saturated aqueous solution of ammonium chloride, then extracted with n-hexane, wash- 
45 ed with water and dried over magnesium sulfate. The salt was removed, and the resulting organic layer was 
concentrated under a reduced pressure to obtain an yellow oil which was purified by means of silica gel column 
chromatography (eluting solution: n-hexane) to obtain 5.4 g of the title compound 2 as a colorless amorphous 
product (yield: 50 %). 

The NMR data of the title compound 2 is shown in Table 1. 

50 

Synthesis of rac-dimethylsilyl-bis{1-(4-isopropy1-2,7-dimethylindenyl))zirconium dichloride (compound 3) 

A 300-mJ reactor thoroughly purged with nitrogen was charged with 5.4 g (1 2.6 mmol) of the tide compound 
2 and 1 00 ml of tetrahydrofuran, and the content in the reactor was cooled to -78 °C and stirred. To the reactor 
55 was dropwise added 16 ml of n-butytlithium (a solution in n-hexane, 1.58 N. 252 mmol) over 20 minutes, and 
the mixture was stirred for another 1 hour with keeping the temperature to prepare an anion solution which 
was then slowly heated to room temperature. 

Separately, 100 ml of tetrahydrofuran was charged in a 300-ml reactor thoroughly purged with nitrogen, 
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coded to -78 °C and stirred. To the reactor was slowly edded 294 g (12.6 mmd) of zirconium tetrachloride, 
followed by heating to room temperature. To the mixture was dropwise added the anion solution prepared 
above over 30 minutes, followed by stirring at room temperature for 1 2 hours. After the reaction was completed, 
the reaction mixture was concentrated under a reduced pressure and a solid precipitated was washed three 
times with 300 mi of hexane to remove insoluble substances. The obtained hexane solution was concentrated 
to about 50 ml, and the solution was cooled at 6 °C for 12 hours. 1 H-NMR analysis of the solid obtained. 1.78 
g (yield: 24 %). showed that it was a mixture of a racemic modification and a mesoisomer (4:1). This mixture 
was recrystallized from 100 ml of hexane to obtain 0.22 g of the title compound 3 as an yeilow prismatic crystal 
(yield: 3 %). The result of the FD mass spectrometry of the title compound 3 was 588 (M*). 
The NMR data of the title compound 3 is shown in Table 1. 

Example 2 

Synthesis of rac^iphenytsilyi-bis{1.(4.isopropyl-2.7-dimethylindeny1))2irconium dichloride 

Synthesis of 1.V-diphenylsilyl-bis(4HSopropy|.2.7-dimethylindene) (compound 4) 

The procedure of the synthesis of the title compound 2 in Example 1 was repeated except that 120 mg of 
copper cyanide was used In place of tetramethylethylenediamine and 5.7 ml of diphenyldlchlorosilane In place 
of dimethytdichlorosilane. 

The title compound 4 was obtained as a colorless amorphous product in an amount of 12 g (yield: 49 %). 
The NMR data of the title compound 4 is shown in Table 1 . 

Synthesis of rac^iphenylsilyl-bis(1>(4-isopropyl-2.7-dimethylindenyl))2irconium dichloride (compound 5) 

The procedure of the synthesis of the title compound 3 in Example 1 was repeated except that 7.1 g (12.9 
mmol) of the title compound 4 was used in place of the title compound 2 and 3.01 of zirconium tetrachloride 
in place of 2.94 g. 

The title compound 5 was obtained as an yellow prismatic crystal in an amount of 1.10 g (yield: 12 %). 
The result of the FD mass spectrometry of the compound 5 was 71 2 (M*). 
The NMR data of the title compound 5 Is shown in Table 1. 



Table 1 



NMR Data 


Compound No. 


'H-NMR Spectrum (CDCI 3 , ppm) 


1 


1.26(6H, d, J=7.2Hz), 2.70(3H. s). 2.38(3H, s). 288(1H, q. J=7.0Hz). 3.27(2H, s). 
6.54(1H, s). 6.90(1H. s). 7.10(1H. s) 


2 


1.60(12H ? d. J=7.2Hz). 0.94~1.14(6H, m). 1.91~2.06(6H. m), 226(6H, s). 2.71(2H. q. 
J=7.2Hz). 3.49(2H. s). 6.49(2H. s), 6.74(2H. s). 7.06(2H. s) 


3 


1.20(12H. d. J=7.2Hz), 1.29(6H. s). 2.21(6H, s). 2.33(6H, s), 281(2H, q, J=7.0Hz). 
6.70(2H, s). 7.01(2H, s). 7.26(2H. s) 


4 


1.06(6H. d, J=7.2Hz), 1.26(6H, d. J=7.2Hz), 1.80(3H. s). 210(6H. s), 2.24<3H, s). 
2.80(2H, s) t 4.36(4H, br.s), 6.1 6(2H t s). 6.60-7.68(1 4H, m) 


5 


0.92(12H, d. J=6.8Hz). 2.02(6H. s), 2.36(6H. s), 2.60<2H, q. J=6.8Hz), 6,80(2H, s), 
6.90(2H, s), 6.99(2H. s), 7.45-7.50(6H. m), 8.12-8.16<4H, m) 



Example 3 

A 2-I iter autoclave thoroughly purged with nitrogen was charged with 500 g of propylene, followed by warm- 
ing to 40 °C. To the autoclave were added 0.2 mmol of trllsobutytaluminum, 0.2 mmol of methylaluminoxane 
and 0.001 mmol (In terms of Zratom)ofra*dimemylsily»-b^ 
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dichlorkJe to polymerize propylene at 50 °C for 1 hour. After the polymerization, the autoclave was released to 
remove propylene, and the resulting polymer was dried at 80 B C for 10 hours. 

The amount of the polymer obtained was 158 g and the polymerization activity was 158 kg-PP/mmd-Zr. 
The polymer had an [r\] of 4.55 dl/g, a Mw/Mn of 2.2, an mmmm pentad value of 95.5 %, a proportion of the 
5 2,1 -insertion of 0.90 % and aTmof 147 *C. 

Example 4 

A2-liter autodave thoroughly purged with nitrogen was charged with 500 g of propylene, followed by wamv 
io Ing to 40 °C. To the autodave were added 0.2 mmol of triethytaluminum, 0.001 mmd (in terms of Zr atom) of 
rac^iphenylsilyt-bis{1-(2.7-dimethyl-4-isopropylindeny1)}zirconium dichloride and 0.002 mmol (in terms of B 
atom) of tris(pentafluorophenyl)boron to polymerize propylene at 50 °C for 1 hour. After the polymerization, 
the autodave was released to remove propylene, and the resulting polymer was dried at 80 °C for 10 hours. 
The amount of the polymer obtained was 94 g and the polymerization activity was 94 kg-PP/mmol-Zr. The 
is polymer had an fo) of 4.75 dl/g, a Mw/Mn of 2.3, an mmmm pentad value of 96.4 %. a proportion of the 2.1- 
insertion of 0.80 % and a Tm of 148 °C. 

Comparative Example 1 

20 A 2-liter autodave thoroughly purged with nitrogen was charged with 500 g of propylene, followed by warm- 
ing to 40 °C. To the autodave were added 0.2 mmol of trlisobutylaluminum, 0.2 mmol of methylaluminoxane 
and 0.001 mmol (in terms of Zr atom) of rac-dimethylsilyt-bis(V(2-methyl-4Hsopropylindenyl))zirconium di- 
chloride to polymerize propylene at 50 °C for 1 hour. After the polymerization, the autodave was released to 
remove propylene, and the resulting polymer was dried at 80 °C for 10 hours. 

25 The amount of the polymer obtained was 125 g and the polymerization activity was 125 kg-PP/mmd-Zr. 
The polymer had an [til of 3.47 dl/g, a Mw/Mn of 2.1 , an mmmm pentad value of 96.2 %, a proportion of the 
2.1 -insertion of 0.40 % and a Tm of 152 °C. 

Example 5 

30 

A Miter glass reactor thoroughly purged with nitrogen was charged with 500 ml of toluene, and propylene 
was fed at a rate of 100 liters/hr, followed by warming to 50 °C. To the reactor was added a solution obtained 
by precontacting 3.5 mmol of methylaluminoxane and 0.01 mmol (in terms of Zr atom) of rac-dimethylsilyl-bis{1- 
(2,7-dimethl-4-isopylindenyl))zirconium dichloride in toluene, to polymerize propylene at 50 °C for 20 minutes. 
35 After the polymerization, the solution was poured in a methanolhydrochloric acid solution, and the resulting 
mixture was filtered to give a polymer which was dried at 80 °C for 1 0 hours. 

The amount of the polymer obtained was 32.6 g and the polymerization activity was 6.2 kg-PP/mmd-Zr. 
The polymer had an (t>] of 1 .37 dl/g, a Mw/Mn of 2.2 and a Tm of 148 °C. 

*o Comparative Example 2 

The procedures of Example 5 were repeated except that rac-ethy1enebis{1-(2 l 4,7-trimethylindenyl))zirco- 
nium dichloride was used In place of rac^dimemy1silyl-bis{(V(2.7-dimethyi-4-isopropy1indenyi))zirconium di- 
chloride. 

45 „ ™ e amount °* tne P° ,vm8r obtained was 23.1 g and the polymerization activity was 5.8 kg-PP/mmol-Zr. 
The polymer had an of 0.44 dl/g, a Mw/Mn of 2.3 and a Tm of 150 °C. This polymer had a molecular weight 
extremely lower than that of the polymer obtained in Example 5. 

Example 6 

50 

Preparation of solid catalyst component (a) 

A 500-ml reactor thoroughly purged with nitrogen was charged with 25 g of silica (F-948, available from 
Fuji Devison Co.) having been dried at 200 °C for 6 hours in a stream of nitrogen and 310 ml of toluene, and 
the system was set to 0 °C with stirring. To the system was dropwise added 90 ml of an organoaluminum oxy- 
compound (methylaluminoxane available from Sobering Co., diluted in toluene, 2.1 mol/llter) over 60 minutes 
In a nitrogen atmosphere. Then, the mixture was reacted at the same temperature for 30 minutes and further 
at 90 °C for 4 hours. The reaction system was allowed to cool and when the temperature was reached to 60 
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•C. the supernatant was decantated off and the residue was washed three times with 150 ml of toluene at room 
temperature to obtain a solid catalyst component (a) containing 6.8 mmol of Al per 1 g of silica. 

Preparation of solid catalyst component (b) 

A 200-ml reactor thoroughly purged with nitrogen was charged with 50 ml of n-hexane, and to the reactor 
were added 10.5 mmol (in terms of Al atom) of the solid catalyst component (a) obtained above and 0.03 mmol 
(in terms of Zr atom) of rac-dimethylsily!-bi^1-(27MJimethyM-isopropylindenyl))2irconfum dlchJoride, followed 
by stirring for 20 minutes. Then, 100 ml of n-hexane and 0.9 mmol of triisobutylalumlnum were successively 
1Q added to the reactor and the mixture was stirred for 1 0 minutes. Thereafter, a propylene gas (22 liters/hr) was 
passed through the reactor at 20 °C for 4 hours to prepolymerae propylene. The supernatant was decantated 
off and then the residue washed three times with 1 50 ml of toluene to obtain a solid catalyst component (b) in 
which Zr and Al were supported in amounts of 0.011 mmol and 4.48 mmol, respectively, per 1 g of the solid 
catalyst 

13 

Polymerization 

750 ml of purified n-hexane was introduced into a 2-liter autoclave thoroughly purged with nitrogen, and 
stirred at 25 °C for 20 minutes in a propylene/ethylene mixed gas atmosphere (ethylene: 3.6 % by mol). To the 
20 reaction system were added 1 .0 mmol of triisobutylaluminum and 0.002 mmol (in terms of Zr atom) of the solid 
catalyst component (b), and the temperature of the system was elevated to 50 °C to polymerize the monomers 
for 1 hour at a total pressure of 2 kg/cm^G. After the polymerization, the reaction mixture was filtered to remove 
the solvent, the resulting polymer was washed with hexane and dried at 60 °C for 10 hours. 

The amount of the polymer (powder) obtained was 75 g, the amount (SP) of the polymer dissolved in the 
25 solvent was 1.9 g (2.5 % by weight), and the polymerization activity was 38.5 kg-copolymer/mmol-Zr. The poly- 
mer powder had an MFR of 6.0 dg/min, a Mw/Mn of 2.6, an ethylene content of 2.9 % by mol and a Tm of 126 



Example 7 

30 

Preparation of solid catalyst component (c) 

A 200-ml reactor thoroughly purged with nitrogen was charged with 50 ml of n-hexane, and to the reactor 
were added 10.5 mmol (in terms of Al atom) of the solid catalyst component (a) obtained above and 0.03 mmol 

35 (in terms of Zr atom) of rac-diphenylsilyl-bis(1-(2,7-dimethyl-4-isopropylindenyl))zirconlum dlchloride, followed 
by stirring for 20 minutes. Then, 100 ml of n-hexane and 0.9 mmol of triisobutylaluminum were successively 
added to the reactor, and the mixture was stirred for 10 minutes. Thereafter, propylene gas (2.2 liters/hr) was 
passed through the reactor at 20 °C for 4 hours to polymerize propylene. The supernatant was decantated off. 
and then the residue was washed three times with 150 ml of toluene to obtain a solid catalyst component (c) 

40 in which Zr and Al were supported in amounts of 0.011 mmol and 4.55 mmol, respectively, per 1 g of the solid 
catalyst 

Polymerization 

45 750 ml of purified n-hexane was introduced into a 2-liter autoclave thoroughly purged with nitrogen, and 
stirred at 25 °C for 20 minutes in a propylene/ethylene mixed gas atmosphere (ethylene: 3.6 % by mol). To the 
reaction system were added 1 .0 mmol of triisobutylaluminum and 0.002 mmol (in terms of Zr atom) of the solid 
catalyst component (c), and the temperature of the system was elevated to 50 °C to polymerize the monomers 
for 1 hour at a total pressure of 2 kg/cm*-G. After the polymerization, the reaction mixture was filtered to remove 

so the solvent, the resulting polymer was washed with hexane and dried at 80 °C for 10 hours. 

The amount of the polymer (powder) obtained was 59 g, the amount (SP) of the polymer dissolved in the 
solvent was 2.5 g (4.0 % by weight), and the polymerization activity was 30.7 kg-copdymer/mmol-Zr. The poly- 
mer powder had an MFR of 5.8 dg/min, a Mw/Mn of 2.6, an ethylene content of 2.9 % by moJ and a Tm of 127 
°C. 
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Comparative Example 3 

Preparation of solid catalyst component (d) 

A 200-ml reactor thoroughly purged with nitrogen was charged with 50 ml of n-hexane. and to the reactor 
were added 10.5 mmol (in terms of A/ atom) of the solid catalyst component (a) obtained above and 0.03 mmol 
(in terms of Zr atom) of ra(>dimethylsilyt-bis{1-(2-methyl^isopropylindenyl))zirconium dichloride, followed by 
stirring for 20 minutes. Then. 100 ml of n-hexane and 0.09 mmol of triisobutylaluminum were successively add- 
ed to the reactor, and the mixture was stirred for 10 minutes. Thereafter, a propylene gas (2.2 liters/hr) was 
passed through the reactor at 20 °C for 4 hours to prepolymerize propylene. The supernatant was decantated 
off. and then the residue was washed three times with 150 ml of toluene to obtain a solid catalyst component 
(d) in which Zr and Al were supported in amounts of 0.011 mmol and 4.35 mmol, respectively, per 1 g of the 
solid catalyst 

Polymerization 

750 ml of purified n-hexane was introduced into a 2-liter autoclave thoroughly purged with nitrogen, and 
stirred at 25 °C for 20 minutes in a propylene/ethylene mixed gas atmosphere (ethylene: 5.2 % by mol). To the 
reaction system were added 1.0 mmol of triisobutylaluminum and 0.002 mmol (in terms of Zr atom) of the solid- 
catalyst component (d), and the temperature of the system was elevated to 50 *C to polymerize the monomers 
for 1 hour at a total pressure of 2 kg/cm*-G. After the polymerization, the reaction mixture was filtered to remove 
the solvent, the resulting polymer was washed with hexane and dried at 80 °C for 10 hours. 

The amount of polymer (powder) obtained was 67 g, and a small amount of the polymer adhered to the 
autoclave wall was observed. The amount (SP) of the polymer dissolved in the solvent was 9.0 g (12.0 % by 
weight). The polymerization activity was 38 kg-copolymer/mmol-Zr. The polymer powder had an MFR of 12 
dg/min. a Mw/Mn of 2.5, an ethylene content of 5.0 % by mol and a Tm of 127 °C. 

When the above polymerization procedure is performed in an industrial scale, it it presumed that the poly- 
mer adhered to the autoclave wall causes a reduced heat transfer efficiency, and the high SP value causes 
not only a reduced polymer yield but also an increased viscosity of the solvent removed, resulting in difficult 
operation. 

Example 8 

A 2-liter autodave thoroughly purged with nitrogen was charged with 500 g of propylene. The temperature 
of the autoclave was elevated to 40 °C. and to the autoclave were added 0.2 mmol of triisobutylaluminum, 0.2 
mmol of methylamuminoxane and 0.001 mmol (in terms of Zr atom) of rac-diphenylsilyl-bis{1 -(2.7-dimelhyt-4- 
isopropytindenyl))zirconium dichloride, to polymerize propylene at 50 °C for 1 hour. After the polymerization, 
the autoclave was released to remove propylene, and the resulting polymer was dried at 80 °C for 10 hours 
under a reduced pressure. 

The amount of the propylene polymer obtained was 158 g, and the polymerization activity was 158 kg- 
polymer/mmol-Zr. The polymer had an intrinsic viscosity [tJ of 4.55 dl/g. In the propylene polymer, the triad 
tacticity of the propylene unit chain consisting of head-to-tail bonds was 95.4 %, the proportion of the inversely 
inserted units based on the 2,1 -insertion of the propylene monomer was 0.87 %, and the proportion of the in- 
versely inserted units based on the 1,3-insertion of the propylene monomer was not more than 0.03 %. 

The polymer had a melt flow rate (MFR) of 12.5 g/10 min. a flexural modulus (FM) of 12500 kg/cm*, and 
a heat distortion temperature of 105 *C, 

Example 9 

750 ml of hexane was introduced into a 2-liter autoclave thoroughly purged with nitrogen and stirred at 25 
•C for 20 minutes in a propylene/ethylene mixed gas atmosphere (ethylene: 2.9 % by mol). To the reaction 
system were added 0.25 mmol of triisobutylaluminum, 0.5 mmol of methylaluminoxane and 0.0015 mmol (in 
terms of Zr atom) of rac-diphenylsily|.bis{1-(2,7-dimethyW-isopropylindenyl))zirconium dichloride, and the 
temperature of the system was elevated to 50 °C to polymerize the monomers for 1 hour while keeping the 
total pressure at 2 kg/cmMS. After the polymerization, the autoclave was released, the resulting polymer was 
recovered in a large amount of methanol and dried at 80 °C for 10 hours under a reduced pressure. 

The amount of the propylene copolymer obtained was 26.9 g, and the polymerization activity was 1 7.9 kg- 
pdymer/mmol-Zr. The copolymer had an intrinsic viscosity fo) of 22 dl/g and an ethylene content of 3.0 % by 



33 



EP0 629 631 A2 



mol. In the propylene copolymer, the triad tacticity of of the propylene unit chain consisting of head-to-tail bond9 
was 97.3 %. the proportion of the inversely inserted units based on the 2,1 -insertion of the propylene monomer 
was 0.9 %. and the proportion of the inversely inserted units based on the 1,3-insertion of the propylene mono- 
mer was 0.04 %. 

5 The film of the copolymer had heatsel-starting temperature of 11 8 °C and a heat seat-starting temperature 
after heat treatment of 120 °C. 
The results are shown in Table 2. 

Example 10 « 

10 

900 ml of hexane was introduced into a 2-liter autoclave thoroughly purged with nitrogen, and 1 mmol of 
triisobutyialuminum was added thereto. After elevating the temperature of the reaction system to 70 °C. ethy- 
lene was fed to the system to a pressure of 1.5 kg/cm*, and propylene was then fed to a total pressure of 8 
kg/cm2-G. Then, to the reaction system were added 0.3 mmol of methylaluminoxane and 0.001 mmot (in terms 

is of Zr atom) of rac-dimethylsilyl-bis{1-(2,7-dimem^ dichloride to polymerize 

monomers for 20 minutes while propylene was continuously fed to keep the total pressure et 8 kg/cm*-G. After 
the polymerization, the autoclave was released, the resulting polymer was recovered In a large amount of me- 
thanol and dried at 110 °C for 10 hours under a reduced pressure. 

TTie amount of the propylene copolymer obtained was 21.2 g, and the polymerization activity was 21 kg* 

20 poJymer/mmol-Zr. The copolymer had an intrinsic viscosity fo) of 1.5 dl/g and an ethylene content of 4.7 % by 
mol. In the propylene copolymer, the triad tactlcity of the propylene unit chain consisting of head-to-tail bonds 
was 96.9 %, the proportion of the inversely inserted units based on the 2.1 -insertion of the propylene monomer 
was 1.1 %, and the proportion of the inversely inserted units based on the 1,3-insertion of the propylene mono- 
mer was not more than 0.04 %. 

25 The film of the copolymer had a heat seal-starting temperature of 107 °C and a heat seal-starting tem- 
perature after heat treatment of 111 °C. 
The results are shown in Table 2. 

Example 11 

30 

900 ml of hexane was introduced Into a 2-liter autoclave thoroughly purged with nitrogen. Then, to the au- 
toclave was added 1 mmol of triisobutyialuminum and was fed 60 liters of propylene gas. After elevating the 
temperature of the reaction system to 70 °C, ethylene was fed to the system to a total pressure of 8 kg/cm 2 - 
G. Then, to the reaction system were added 0.45 mmol of methylaluminoxane and 0.0015 mmol (In terms of 
35 Zr atom) of rac-diphenylsilyl-bis{1-(2,7-dimethyl-4-isopropylindenyl))zirconium dichloride to polymerize the 
monomers for 40 minutes while ethylene was continuously fed to keep the total pressure at 8 kg/cm^G. After 
the polymerization, the autoclave was released, the resulting polymer was recovered in a large amount of me- 
thanol, and dried at 110 °C for 10 hours under a reduced pressure. 

The amount of the polymer obtained was 47.2 g. The polymerization activity was 31.5 kg-polymer/mmol- 
40 Zr. The polymer had an intrinsic viscosity fo] of 2.0 dl/g and an ethylene content of 27.0 % by mol. In the polymer, 
the triad tacticity of the propylene unit chain consisting of head-to-tail bonds was 95.4 %, the proportion of the 
inversely inserted units based on the 2,1-lnsertion of the propylene monomer was 0.88 %, and the proportion 
of the inversely iserted units based on the 1 ,3-insertion of the propylene monomer was not more than 0.05 %. 
The film of the copolymer had a film impact strength of 6000 kgf cm/cm, and the composition with poly- 
45 propylene had IZ of 35 kg cm/cm and a melt flow rate (MFR) of 9.3 g/10 min. 
The results are shown in Table 2. 

Example 12 

so 900 ml of hexane was introduced into a 2-liter autoclave thoroughly purged with nitrogen, and 1 mmol of 
triisobutyialuminum was added thereto. After elevating the temperature of the reaction system to 70 °C, ethy- 
lene was fed to the system to a pressure of 2.0 kg/cm*, and then propylene was fed to the system to a total 
pressure of 8 kg/cm^G. Then, to the reaction system were added 0.3 mmol of methylaluminoxane and 0.001 
mmol (in terms of Zr atom) of rac-dimethylsiiyl-bis(1 -<2,7-dimethyl-4-isopropylindenyl))zirconhjm dichloride. to 

ss polymerize the monomers for 10 minutes while propylene was continuously fed to keep the total pressure at 
8 kg/cm*-G. After the polymerization, the autoclave was released, the resulting polymer was recovered In a 
large amount of methanol and dried at 1 10 °C for 1 0 hours under a reduced pressure. 

The amount of the polymer obtained was 1 6.8 g a nd the polymerization activity was 1 6.8 kg-poiymer/mmol- 
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Zr. The polymer had an intrinsic viscosity fo] of 1 .7 dl/g and an ethylene content of 8.5 % by mol. In the polymer, 
the triad tacticity of the propylene unit chain consisting of head-to-tail bonds was 95.6 %, the proportion of the 
inversely inserted units based on the 2.1-insertion of the propylene monomer was 0.62 %, and the proportion 
of the inversely inserted units based on the 1,3-insertion of the propylene monomer was not more than 0.05 

5 %. 

The film of the copolymer had a heat seal-starting temperataure of 90 °C and a heat seal-starting temper- 
ature after heat treatment of 93 °C. 
The results are shown in Table 2. 



Table 2 
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20 



Example 


Intrnsic 
viscosity 

mi 


Melt- 
ing 
point 

<°C) 


Ethylene 
content 

(mol %) 


Heat 
seal- 
starting 
tempera- 
ture 
<°C) 


Heat 
seal- 
start ing 
tempera- 
ture 
after 
heat 
treatment 


Film 
impact 
strength 
(kg* cm 
/cm) 


Ex. 9 


2.2 


120 


3 


118 


120 




Ex. 10 


1.5 


110 


4.7 


107 


111 




Ex. 11 


2 




27 






6000 


Ex. 12 


1.7 


90 


8.5 


90 


93 





Table 2 (Continued) 



Example 


IZ of 
composition with 
polypropylene 
(kcjf -cm/cm) 


MFR of composition 
with polypropylene 

(g/10 nin) 


Ex. 9 






Ex. 10 






Ex. 11 


35 


9.3 


Ex. 12 
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Claims 

1. A transition metal compound of formula (I): 

55 
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wherein M is a transition metal of Group JVa, Group Va or Group Via of the periodic table; 
15 R 1 and R*. which may ail be identical or different from each other, are each a hydrogen atom, a 

halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 
20 carbon atoms, a silicon-containing group, an oxygen-containing group, a sulfur-containing group, a ni- 
trogen-containing group or a phosphorus-containing group; 

R 3 is an alkyl group of 2 to 20 carbon atoms; 
20 R 4 is an alkyl group of 1 to 20 carbon atoms; 

X 1 and X 2 , which may be identical or different, are each a hydrogen atom, a halogen atom, a hy- 
drocarbon group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, an 
oxygen-containing group or a sulfur-containing group; and 

Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon 
25 group of 1 to 20 carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, 

a divalent tin-containing group. -O-, -CO-, -S-, -SO-. -SO r . -NR*-, -P(R*)-, -P(0)(R*h -BR*- or -AIR 5 -, 
wherein R 6 is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms or a halo- 
genated hydrocarbon group of 1 to 20 carbon atoms. 

30 2. An olefin polymerization catalyst comprising: 

(A) a transition metal compound of formula (I) as defined in claim 1; and 

(B) at least one compound selected from: 

(B-1) an organoaluminium oxy-compound, and 

(B-2) a compound which reacts with the transition metal compound of formula (I) to form an Ion pair. 
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3. An olefin polymerization catalyst according to claim 2 which further comprises 

(C) an organoaluminium compound. 

4. An olefin polymerization catalyst according to claim 2 or 3 which further comprises a fine particle carrier, 
^ components (A) and (B) being supported on said carrier. 

5. An olefin polymerization catalyst according to claim 2 or 3 which further comprises a fine particle carrier 
and a prepolymerized olefin polymer produced by pre polymerization. 

6. A process for olefin polymerization comprising polymerizing or co polymerizing an olefin in the presence 
45 of an olefin polymerization catalyst as defined in any one of claims 2 to 5. 

7. A propylene polymer having the following properties: 

(a) a triad tacticlty of three propylene units-chain consisting of head-to-tail bonds, as measured by 13 C- 
NMR, of not less than 90.0%; 
so (b) a proportion of inversely inserted units, based on the 2,1-insertion of a propylene monomer In all 

propylene insertions, as measured by 13 C-NMR. of not less than 0.7%, and a proportion of Inversely 
inserted units, based on 1 ,3-insertion of a propylene monomer, as measured by 1S C-NMR, of not more 
than 0.05%; and 

(c) an intrinsic viscosity, as measured In decahydronaphthaJene at 135°C. of 0.1 to 12 dl/g. 
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8. A propylene copolymer having the following properties: 

(e) a content of propylene units In an amount of 95 to 99.5% by mol and a content of ethylene units In 
an amount of 0.5 to 5% by mol; 
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(b) a triad tactitity of three propylene units-chain consisting of head-to-tail bonds, as measured by 13 C- 
NMR, of not less than 90.0%; 

(c) a proportion of inversely inserted units, based on the 2,1-insertion of a propylene monomer in ail 
propylene Insertions, as measured by ,5 C-NMR. of not less than 0.5%, and a proportion of inversely 
inserted units, based on the 1,3-insertion of a propylene monomer, as measured by "C-NMR, of not 
more than 0.05%: and 

(d) an Intrinsic viscosity, as measured in decahydronaphthalene at 135°C, of 0.1 to 12 dl/g. 

A propylene elastomer having the following properties: 

(a) a content of propylene units of 50 to 95 % by mol and a content of ethylene units of 5 to 50 % by 
mol: 

(b) a triad tacticity of three propylene units-chain consisting of head-to-tail bonds, as measured by '*C- 
NMR. of not less than 90.0%; 

(c) a proportion of inversely inserted units, based on the 2,1-insertion of a propylene monomer In all 
propylene insertions, as measured by 13 C-NMR. of not less than 0.5%, and a proportion of inversely 
inserted units, based on the 1,3-insertion of a propylene monomer, as measured by i*C-NMR, of not 
more than 0.05%; and 

(d) an intrinsic viscosity, as measured in decahydronaphthalene at 135°C, of 0.1 to 12 dl/g. 
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